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NOVEL CYANO-SUBSTITUTED DIHYDROPYIIIMIDINE COMPOUNDS 

AND THEIR USE TO TREAT DISEASES 



RELATED APPLICATIONS 



This application claims the benefit under 35 U.S.C. Section 1 19(e) of U.S. 
Provisional Patent Application No. 60/279,956 filed March 29. 2001. 

FIELD OF INVENTION 

This invention relates to novel conipounds that interrupt mitosis thereby 
making the compounds useful for the treatment of proliferative diseases, such as< 
cancer. ' • ■. • 



15 BACKGROUND 



Cell proliferation andiprpgrammed cell death pay important roles in the \ ][ .. 
growth and development of an organism. In proliferative diseases Isiich as cancei;, the 
processes of cell proliferation and/or programmed cell death are bte For 
20 example, a cancer cell may have unregulated ceil division through either t^^ 
; overexpression of a positive regulator of the cell cycle or the loss of a negative 
regulator of the cell cycle, perhaps by mutation. Alternatively, a cancer cell may have 
lost the ability to undergo programmed cell death through the overexpression of a 
negative regulator of apoptosis. Hence, there is a need to develop new 
25 chemotherapeutic drugs that will restore the prpcesses of checkpoint control and 
programmed cell death to cancerous cells. 

One approach to the treatment of human cancers is to target a protein that is 
essential for cell cycle progression. In order for the cell cycle to proceed from one 

• • • 

phase to the next, certain prerequisite events must be completed. There are 
30 checkpoints within the ceil cycle that enforce the proper order of events and phases. 
One such checkpoint is the spindle checkpoint that occurs during the metaphase stage 
of mitosis. Small molecules thait target proteins with essential functions in mitosis 
may initiate the spindle checkpoint to arrest cells in mitosis. Of the small molecules 
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that anest cells in mitosis, those which display anti-tumor activity in the clinic also 
' induce apoptosis, the morphological changes associated with programmed cell death. 
An effective chemotherapeutic for the treatnlent of cancer may be one that induces 

/. checkpoint control and subsequent programmed cell death. 

5 Most compounds known to cause mitotic arrest and apoptosis act as tubulin 

• binding agents. These compounds alter the dynamic instability of microtubules and 
indirectly alter the function/structure of the mitotic spindle thereby causing mitotic 
arrest. Because most of these compounds target the tubulin protein, a component of 
all microtubules, they may also affect normal cellular processes in which 
10 microtubules have a role. Hence, a need exists for small niolecules that specifically 

.ifi .^ target proteins associated with, proUferating . 

■ * ■ . « 

: f ;Eg5 is.ohe of several kinesin-like motor iproteins that are localized to the 
mitotic spindle and known to be required for formation and/or function of the bipolar 
mitotic spindle. Recently, there was a report of a small molecule that disturbs 
15 ; bipoiarity of the mitotic spindle (Mayer, T.U, et. al. 1999. Science 286(5441) 971-4). 

. More specifically, the small molecule induced the formation of an aberrant mitotic 

' .• ■ • " ' ■ . • ^ ■ / . . 

spindle wherein a monoastral array of microtubules emanated from a central pair of 

.... • ■ ■ 

centrosomes, with chromosomes attached to the distal ends of the microtubules. The 
small molecule was dubbed "monastrol" after the mono^tal array; This monoastral 
20 an^ay phenotype had been previously observed m initotic ceUs that wer^ ' 
immunodepleted of the EgS 

- The distinctive monoastral array phenotype faciHtated identification 

* * 

monastroi as a potentiail inhibitor of Eg5. Indeed; >m^ 

inhibit the EgS motor-driven motility of miciDtubules in an in vi'/ro assay. 

25 Furthermore, monastrol had no appareht e£fe<:t upon the related kinesin motor or upon 
the motor(s) responsible for golgi apparatus movement within the cell. Cells that 
display the monoastral array phenotype, either through immiinodepletion of EgS or 
tnonastrol inhibition of EgS, arrest in M-phase of the cell cycle. Unfortunately, 
however, the mitotic arrest induced by either of these mechanisms is transient. 

30 (Kapoor, 2000. J. Cell. Biol 150(5) 975-80). Both the monoastral array phenotype 
and the monastrol induced cell cycle arrest in mitosiscare teveirsible. Cells recover to 
form a normal bipolar mitotic spindle, to complete. mitosis, and to proceed through the 
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cell cycle and normal cell pFoliferation. This suggests that a small ^molecule inhibitor 
of EgS that induced a transient mitotic arrest may not be effective for the treatment of 
cancer cell proliferation. Nonetheless, the discovery that monastrol causes niitctic 
arrest is intriguing and.hence there is a need to further study and identify compounds 
5 . ' that can be used to modulate the Eg5 motor protein in a manner that would be 

• leffective in the-treatment of human cancers. There is also a need to explore the use of 
Ithese compounds in comibination with other antineoplastic agents. . 

. ■ ' ^ .... ; • . . . • .- ■ . . - . ■ . 

. . ■, ' .... . • ■ . , , ■ . • , • . • ■ . • - - 

- ^SUMMARY- ' 

10 The .compounds of ^the invention cause the interruption of mitosis, and as such, 

can be used to treat proliferative diseases. For example* the compounds of die instant 
invention can bemused as antiproliferatives and anticancer agents. Moire ispecifically, 

V ^ . ^theihviention comprises a compound of formula I 




^itsjenantibmers, diastereomers, pharmaceutically acce^ salts, prodrugs and 
solvates thereof* wherein; . . , 

R I is selected from the group consisting of hydrogen, alkyl and cycloalkyi; 
20 and ;R3 are each independently selected from the group consisting of H, 

alkyl, aryl,heterparyl, arylalkyl, cycloalkyi, heterocycloalkyl, cycloalkylalkyl, 
heterdcycloalkylalkyl and heteroarylalfcyl; or 

JR2 and R3 may also be taken together to form a carbocyclic or heterocyclic 

•ring; \ '. ' * - ■ " ■. 

25 R4 is.selected from the group consisting of alkyl, arylalkyl, cycloalkylalkyl, 

heteroaryl alkyl, heterocycloalkyl, aminoalkyl, heterocycloalkylalkyl, CN, C(0)R5, 

CO2R5 , C(0)SR5 andCONRjRe; 

R5 and R« are.: each independently selected from the group consisting of H, 
alkyl, cycloalkyi, hydroxyalky], alkenyl,alkoxy, thipalkoxy, alkoxyalkyl, haloalkyl, 
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..aryl, heteroaryl, arylalkyl, cycloalkylalkyl, heteroarylalkyl and heterocycloalkylalkyl 
or N-R5R6 together form a heterocycloalkyl 

Z is selected from the group consisting of O, S and NRg; 
Rs is selected from the group consisting of H, ON, sulfonamido, OR7, alkyl, 
5 . cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl and heteroarylalkyl; and 

R7 is selected from the group consisting of H, alkyl, arylalkyl, cycloalkylalkyl, 
heterocycloalkylalkyl and heteroarylalkyl. 

In a preferred embodiment, R2 is a heteroaryl, such as an optionally substituted 
s thiophene, oxazole, isoxazole, or iuran. Preferred substituents include methyl, ethyl, 
10 v halo; haloalkyl, or aryl groups. 

According to one embodiment, R3 is H and R2 is an optionally substituted 
. / : \phenyl wherein the substituents are selected from the group consisting of alkyl, 

alkoxy, alkoxyalkyl, cyano, halo, halgalkyl, nitro, amino CO2R5 , CONR5R6, 
• alkenyloxy, aryloxy, wherein R5 and R^ are, independently, H or alkyL Preferred 
15 substituents include methyl, methoxy, Ji, CI, GF3, dimethylamimo, and ethoxymethyl, 
for example. . 

According to one embodiment of the present invention, Ri is alkyl; R2 is 

• . ♦ » ■ • ■ ■ . 

" selected from the group consisting of aryl and heteroaryl; R3 is H from 
. ^ ; the group consistmg of alkyl, arylalkyl, G02R5,^^ 

20 • . indepeiidenfly selected from the group consisting of H, alkyl, aminoalkyl, ' ' 
hydrpxyalkyl, phenylamino and arylalkyl; Z is selected from the group consisting of 
^ O, S , and NRg; Rg is selected from the group consisting of H and CN. 

a preferred embodimerit, R4 is selected from the group consisting 
: of alkyl, arylalkyl, G(G)R5 GO2R5, G(0)SRi5 and GONRsR^. 
25 Accordirig to one embodiment, R4 iS'C62R5 ; Zis O; and R5 is efhyl. 

In another embodiment, R4 is GONR5R6; Z is 0; R5 is H and R6 is methyl, 
ethyl, propyl, phenyl, cyclopropyl, hydroxyethyl, thiophene, or 2-propyiene. 
; In one embodiment of the present invention, R4 is selected from the group 
consisting of alkyl and arylalkyl, and Z is O. In another embodiment Ri is GH3; R2 is 
30 aryl; R4 is GO2R5; R5 is alkyl; and Z is O. In still another embodiment R| is GH3; R2 
is aryl; R4 is GONR5R6; R5 is alkyl; R^ is H and Z is O. In yet another embodiment, 
Riis GH3; R2is heteroaryl; R4 is GO2R5 or GONR5R6 ; Re is H and R5 is ethyl. 
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The present invention also provides methods for preparing 
compounds having Formula L 

The present 'invention also provides methods for treating a proliferative 
' disease^ such as cancer, via modulation, of the Eg5 motor protein comprising 
S adniinistering to a mammalian species in need ofisuch treatment an effective amount 
; . : iof at least one compound of formu^^ ^ 

/ DESCRIPTION 

The present invention pro vides f or compouiids of forniulal, as defi^^ 
10 pharmaceutical compositions employing such compounds and methods of using such 

* 

. ;;'C6mpOUnds. .;--'\v >; -r" r --^ ■ \' . 

. ^ Listed below are definitions of various terms used ^to describe the compounds 

of the instant invention/ These defmitions apply, to t^^^^ as they are used 

• ' .- ' ' ' ,' . . - ' 

.:throughout<thei specification ((unless they arie otherwise limited in specific instances) 
15. ;eitherindividuaUyor;aspartof alargergro . * / 

The term "alkyl" herein alone or as part of another group refers »to a ' 

monovalent alkane (hydrocarbon) derived radicail containing fi;om 1 to 12 carbon 

* . ' ' ' ■ " ■ ■ ■ ' 

r - atoms unless ptheisvise defined. An alkyl :group is an optionally subs;tituted straight, 

branched or cyclic saturated hydrocarbon gibup. When substituted, ^alkyl groups may 

20 be substituted with up to four substituent groups, R as defined, ?at any available point 

: of attachnient: Wlien the alkyl group is said to ^be substituted with an alkylg^^ 

is used interchangeably with '"branched alkyl group''. -Exemplary unsubstituted such 

groups include methyl, ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, 

hexyl, isohexyl, heptyl, 4,4-dimethylpentyl,'octyl, 2,2,4-trimethylpentyl, nonyl, decyl, 

■ 

25 undecyl, :dodecyl, and ithe like. Exemplary substituents may include but are not 

• ' " ■ - ' * ' ' - 

liriiited to one or more of the following groups: aryl, halo (such as F, CI, Br, I), 
haloalkyl (such as CCI3 or CF3), alkoxy, alkylthio, hydroxy, carboxy (-COOH), 

alkyloxycarbonyl (-G(O)R), alkylcarbonyloxy (-OGOR), amino (-NH2), carbamoyl (- 
NHCOOR- or -OGONHR-), urea (-NHCONHR-) or thiol (-SH). Alkyl groups as 
30 diefined may also comprise one or more carbon to carbon double bonds or one or more 
carbon to carbon triple bonds. ' 
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* 

The term "alkenyl"; herein alone or as part of another group refers to a 
.hydrocarbon radical straight, branched or cyclic containing from 2 to 12 carbon atoms 
and at least one carbon <to carbon double bond. 

The term "alkynyl" herein alone or as part of another group refers to a 
5. . hydrocarbon radical straight, branched or cyclic containing from 2 to 1 2 carbon atoms 
and at least one carbon to carbon triple bond. 

The numbers in the subscript after the symbol "C" define the number of 
carbon atoms a particular group can cont^n. For example "C i^g alkyl" means a 

straight or branched saturated carbon chain having from one to six carbon atoms- 
ID examples include methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl, t- 
butyl, n-perityl, sec-pentyl, isopentyl, and n-hexyl. Depending on the context, "C j^ 

alkyl " can also lefeir to C i _6 alkylene which bridges two groups; examples include 

propane- 1,3-diyl, butane-l,4-diyl, 2-methyl-butane-l,4-diyl, etc. "C2-6 alkenyl" 

means a straight or branched carbon chain having at least one carbon-carbon double 
15 bond, and having from two to six carbon atoms; examples include ethenyl, propenyl, 
isopropenyl, butenyl, isobutenyl, pentenyl, and hexenyl. Depending on die context, 

<• 1^ *•'• '.'t 

"C2-6 alkenyl" can also refer to C2-6 alkenediyl which bridges two groups; examples 

uiclude ethylene- 1,2-diyl (vinylene), 2-methyl-2-butene-l,4-diyl, 2-hexene-l,6-diyl, 
etc. "C2-6 alfcynyl " means a straight or branched carbon chain having at least one 

20: . carbon-carbon triple bond, and from two to six carbon atoms; examples include 
ethynyl, propynyl, butynyl, and hexynyl. 
; The term "cycloalkyl" herein alone or as part of another group is a specie of 

alkyl containing from 3 to IS carbon atoms, without alternating or resonating double 
. bonds between carbon atoms. It may contain fromi 1 to 4 rings. Exemplary 
25 . unsubstituted such groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, 
adamantyl, etc. Exempl^ substituents include one or more of the following groups: 
halogen, alkyl, alkoxy, alkyl hydroxy, amino, nitro, cyano, thiol and/or alkylthio. 

The terms "alkoxy" or "alkylthio" herein alone or as part of another group 
denote an alkyl group as described above bonded through an oxygen linkage (-0-) or 
30 a sulfur linkage (-S-), respectively. 
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The term "alkyloxycarbonyl " herein alone or as part of another group denotes 
an alkoxy group bonded through a carbonyl group. An alkoxycarbonyl radical is 
represented by the formula: -C(0)OR, where the R group is a straight or branched C|- 
6 alkyl group. . / 

• 5 The term "alkylcarbonyl" herein alone or as part of another group refers to an 

alkyl group bonded through a carbonyl group. - n . 

The term "alkylcarbonyloxy" herein alone or as part of another group denotes 
an alkylcarbonyl group which is bonded through an oxygen linkage. 

-The term ''arylalkyl", herein alone or as part of another group.denotes an 
10 aromatic ring bonded to an alkyl vgroup as described above. , . ^\ 
. ^ . : T^e term "£uyl" he^ asjpart of another jgroup refers to monocyclic 

• » . ' • 

. or bicyclic aromatic rings, e^g. phenyl, substituted phenyl and the like, as well as 

groups which are fused, e.g., napthyl, phenanthrenyl and the like. An aryl group thus 

contains at least one ring having at least 6 atoms, with up to five such rings being 

15 present, containing up to 22 atoms therein, with alternating (resonating) double bonds 

between adjacent carbon atoms or suitable heteroatoms. Aryl groups may optionally 

be substituted with one or more groups including, but not limited to halogen, alkyl, 

alkoxy, hydroxy, cm-boxy, caibaihoyl, alkyloxycarbonyl, nitro, aikeriyloxy, 

trifluoromethyl, amino, cycioalkyl, cyano, alkyl S(0)m (m=0, i , 2), or thiol. 

20 The term "amino" liereinaione br as p 

- * - ■ • ■ . , ' 

"amino" may optibnailly be substituted with one or two substituehts, which may be the 

same or different, such as alkyl, aryl, arylalkyl, alkenyl, alkynyl, hetieroaryl, 

heteroaryi^kyl, cycloheteroalkyl, cyclohetetoaflkylaJkyl, cyclodlkyl/cycioal^ 

^ hsdoalkyl, hydroxyalkyl, alkoxyalkyl, thioalkyLcarbonyrorc^J^ 

25 substituents may be further substituted with a carboxylic acid, aiiy of the alky 1 or aryl 

. substituehts set out ^herein. >In some embodiments, ;&e amino igrbups are sbbstituted 

with carboxyl or carbonyl to form N-acyl or N-carbamoyl derivatives 

The temi "carbocyclic ring" herein alone or as part of another ^up refers to 

stable, saturated or partially unsaturated monocyclic ring hydrocarbyls of 3 to 7 

30 carbon atoms such as cyclopropyl, cyclobutyl, cyclopehtyl, cyclohexyl and 

cycloheptyl. The carbocyclic ring may be optionally substituted meaning that the 

carbocyclic ring may be substituted at one or more substitutable ring positions by one 
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or more groups independently selected from alkyl (preferably lower alkyl), alfcoxy 
,. (preferably lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino), 
dialkylamino (preferably.a di[lower]alkylamino), cyano, halo, haloalkyl (preferably 
irifluoromethyl), alkanoyl, aminocarbonyl, monoalkylaminocarbonyl, 
5 dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido) ^ alkoxyalkyl 
(preferably a lower alkoxy(lower]alfcyl), alkoxycarb6nyl (preferably a lower 
. valkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 
(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 
lower alkoxy groups. 

10 The.term'"cycloalkyr* herein alone or as part:of . another group refers to fully 

saturated and partially unsaturated hydrocarbon rings of 3 to 9, preferably 3 to 7 
carbon atoms. Further, a cycloalkyl may be substitutpd. A substituted cyclpalkyl 

■ • 

refers to such rings having one, two, or three substituents, preferably one, selected 
. from the group consisting of halo, alkyl, substituted alkyl, alkenyl, alkynyl, nitro, 

15 cyano, 0X0 (=0), hydroxy, alkoxy, tMoalkyl, -CO2H, -C(=0)^^ ' 
C(=0)aikyl, keto, =N-OH, =N-0-aIkyl, aryl, heteroaryl, heterocyclo, a five or six 
membered ketal (Le. 1,3-dioxolane or 1,3-dioxane), -NR*R", -C(=0)NR'R", - 
COiNR'R^ -<:(=0)^nR•R'^ -NR'CO^^ -NR'C(=0)R^ -SOaNR'R", and - 
NR'S62'R"i wherein each of R' and R" is independency selected fix>m hydrogen, 

20 alkyl, substituted alkyl, and cycloalkyl, or R' and R" together form a heterocyclo or 
heteroaryl ring. 

The term "heteroaryl" herein alone or as part of another group refers to 
. substituted and unsub$tituted arpmatic 5 or 6 membered monocyclic groups, 9 or 10 
membered bicyclic groups, and 1 1 to 14 membered tricyclic groups which have at 
25 least one heteroatom (O, S or N) in at least one of the rings. Each ring of the 

heteroaryl group containing a heteroatom can contain one or two oxygen or sulfur 
atoms and/or from one to four nitrogen atoms provided that the total number of. 
heteroatoms in each ring is four or less and each ring has at least one carbon atom. 
The fiised rings completing the bicyclic and tricyclic groups may contain only carbon 
30 atoms and may be saturated, partially saturated, or unsaturated. The nitrogen and 
sulfur atoms may optionally be oxidized and the nitrogen atoms may optionally be 
quatemized. Heteroaryl groups which are bicyclic or tricyclic must include at least 
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one fully aromatic ring but the other fused ring or rings may be aromatic or non- 
aromatic. -The heteroaryl group may be attached at/any available nitrogen or carbon 
-atom of any ring. The heteroaryl ring system may contain zero, one, two or three 
substituents selected from the group consisting of halo, alkyl, substituted alkyl, 
5 alkenyl, alkynyl, aryl, nitro, cyano, hydroxy, alkoxy, thioalkyl, -GO2H, -C(=0)H, - 
CCh-alkyl, -G(=0)alkyl,iphenyl,;benzyl,phenylelhyl, phenyloxy, phenylthio, 
cycloalkyl, substituted cycloalkyl/heterocyclo, heteroaryl, -NR'R", -C(=0)NR'R*', - 
COiNR'R'\ -<:(=0)NR^R'V-NR'C02'«^^ -NR'C(=0)R'\ -S02NR'R", and - 
NR'SOz'R", wherein each of R* and R*' is independently selected from hydrogen, 
10 : alkyl, substituted ;rfkyl, and cycloalkyl, or R' and R" together form ia heterocyclo or 
beterqarytring. : 

Exemplary monocycUc heteroaryl groups include py^^ 
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isbthiazolyl, 
fiiranyl, thienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimiidinyl, pyridazinyl, triazinyl 
15 and the like. 

Exemplary bicyclic heteroaryl groups include indolyl, benzothiazolyl, 
behzodioxolyl, benzoxaxdlyl, benzothienyl, quinolinyl, tetrahydroisoquinolinyl, - 
isoquinolinyl, benzimidazolyl, benzopyranyl, indolizinyl, benzofuranyl, chromonyl, 
coumarinyl, benzopyranyl, cinnplinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, 
20 furopyridinyl, dihydroisbindolyl, tetrahydroquinolinyl and the like. 

Exemplary tricyclic heteroaryl groups include carbazolyl, benzidolyl, 
phenanthroilinyl, iacridinyl, phenanthridinyl, xanthenyl and the like. 

The term "heteijocycloalkyl" herein aloiie or as part of another jgrbup refers to 
a cycloalkyl grbujp (nonaromatic) in which one of the carbon atoms in ^ttie ring is 
25 replaced by a heterbatom selected from O. S or N, and in which up tb three additional 
carbon atoms may be replaced by said heterbatoms. 

The term "heterocyclic ring" herein alone or as part of another group refers to 
a stable, saturated, or partially unsaturated monocyclic ring system containing 
5 to 7 ring members of carbon atoms and other atoms selected from nitrogen, sulfur 
30 and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocyclic ring and 
contains one, two, or three heteroatoms selected from nitrogen, oxygen and/or sulfur. 
The heterocyclic ring may be optionally substituted which means that the heterocyclic 
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* r 

ring may be substituted at one or more substitutable ring positions by one or more 
groups independently selected from alkyi (preferably lower alkyl), alkoxy (preferably 
lower alkoxy), nitro, monoalkylamino (preferably a lower alkylamino), dialkyiamino 
((preferably a di[lower3alkylamino),cyan6, halo, haloalkyl (preferably 
5 trifluoromethyl), alkanoyl, aminocarbonyl; mohoalkylaniinocarbon^^ 

dialkylaminocarbonyl, alkyl amido (preferably lower aik:yl amido), alkoxyalkyl 
(preferably a lower alkoxy [lower]alkyl), alkoxycarbonyl (preferably a lower 
alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarbonyloxy) and aryl 
• (preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 

10 JoweraJkoxy groups. Examples ofsuch heterocyclic rings are isoxazolyl, 

V ; imidazolinyl,Xhiazolinyl, imidazblidinyl, pyrrolyl^pyrrolinyl, pyranyl, pyrazinyl, 

piperidyl, moipholiriyl and triazdlyl. The heterocyclic ri^ 

;parent structure through a, carbon atom or through any heteroatbm of the heterocyclyl 
that results in a stable structure. 
15 The term ^Uieterocyclyl" herein alone or as part of another group as used herein 

refers to a stable, saturated, or partially ^unsaturated, monocyclic, bridged monocyclic, 
bicyclic, and spire ring system contaming carbon atoms and other atoms selected 
firom nitn)gen, isulfiir and/or oxygen; Preferably,^a 

monocyclic ring or an 8-11 menibered bicyciic ring which consists of carbon atoms 
20 iand contains one, two, or three heteroatonis' selected fro 

• ■ > * ' 

sulfur. Hie term "optionally substitut<gd" as it refers to "heterocyclyl" herein indicates 

that the heterocyclyl group may be substituted at one or niore substitutable ring 

positions by one or more groups independently selected from dkyl (preferably lower 

•' - , ■ ■ • • 

■alkyl), alkoxy (preferably lower alkoxy), nitro* monoalkylamino (preferably a lower 

25 alkylamino), dialkyiamino (preferably a diDowerJalkylamino), cyano, halo, haloalkyl 
(preferably trifluoromethyl), alkanoyl, anunocarbonyl, n^^ 
dialkylaminocarbonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 
(preferably a lower alkoxy [lowerjalkyl), alkoxycarbonyl (preferably a lower 
alkoxycarbonyl), alkylcarbonyloxy (preferably alower alkylcarbonyloxy) and aryl 

30 (preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 
lower alkoxy groups. Examples of such heterocyclyl groups are isoxazolyl, 
imidazolinyl, thiazolinyl, imidazolidinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl. 
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piperidyl, morpholinyl and. triazolyl. The heterocyclyl group may be attached to the 
parent structure through" a carbon atom or through any h^^ 
, that results in a stable structure. \ 
V The term "heteroatom" means O, S or N, selected on an independent basis* It 

5 should be noted that any ^heteroatom with unsatisfied valences is assumed to have the 
hydrogenitomto satisfy-the valences. ^ . ' 

The terna "halpgeri'^or "halo'^^efers to chlorine, ^^^^ 
selected on ah indetpendent basis. . 

When a functional group is termed A'protected''^ this means that the group is in 
10 modified fonn to iprecludeiundesired side reactions at the p^^ 

•protecting groups for-the compounds of the priesent invention will^be recognized from 
^.the present application takihg^ihto acxount the 
. . , reference to standard texd)poks, such as Greene, .Ti :W. ^et elii Protective Groups in 
Organic Synthesis,W'dey, fl.Y: (1991). : . 

'15 ; - . • As usfed herein, >Uie term 'patient? encompasses airmamm^an s^^ 
: i. > . [ Suitable examples.of saltsiof the compounds accoriding to the invention :w^^ 
^inorganic or organic . acids ,are;hydrocMoiide, hyd 
...» vmethanesulfonate, maleate/'fumarate, and phosphate. .:Salts which are:^unsuitable for 
. . .. ::pharmaceutical -uses but which can -be employed, for example, for the isolation or 
20 purification of free compounds I or^their pharmaceutical^ 

included.-.' > . : . 

■ ,' - ■ 

All stereoisomerS :Of the conipounds of the instant invention are contemplated, 
: , .either in admixture or in pure or substantially piire form. The definition of the ■ 
compounds according to the invention embraces all ^possible stereoisomers ^and *their 
25 .mixtures. It yery paiticularly embraces theracemic forms tmd the jsolat^ 

1 » ■ ' • . 

isomers having the specified activity. The racemic forms can be resolved by, physical 
methods, such as, for example, fractional crystallization, separation or crystallization 
of diastereomeric derivatives pr separation by chiral column chromatography. The 
individual optical isomers can be obtained from the racemates by conventional 
30 methods, such as, for example, salt formation with an optically active acid followed 
by crystallization. 
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« 

It should be understood that the present invention includes prodrug forms of 
the compounds of formula L Various forms of prodrugs are well known in the art. 
For examples of such prodrug derivatives, see: 

(a) Design of Prodrugs, edited by H. Bundgaard (Elsevier, 1985); and Methods in 
5 Enzymology, Vol. 42, pp. 309-396, edited by K. 

. Widderet al., (Academic Press, 1985); 

(b) A Textbook of Drug Design and Development, edited by Krosgaard-Larsen and H. 
Bundgaard, Chapter 5, "Design and 

: Application of Prodrugs," by H. Bundgaard, pp. 1 13-191 (1991); 
10 (c) H. Bundgaard, Advanced Drug Deliver Reviews, 8, pp. 1-38 (1992); 

(d) H. Bundgaard et al.. Journal of Pharmaceutical Sciences, 77, 285 ( 1988); and 
. (e)N;Kayekaetal.,Chem.Phar/Bull.,32,692(i984). 

• ' ■ • * 

In general, the instant inventibn comprises a compound of fonnu^ 




its ehantiomers, diastereomers, pharmaceutically acceptable salts, prodrugs and 
solvates thereof. Ri is hydrogen, alkyl or cycloalkyL R2 and R3 are each 

20 independently H, alkyl, aryl, heteroaryl, arylalkyl, cycloalkylalkyl, 

heterocycloalkylalkyl or heteroarylalkyl. Alternatively^ R2 and R3 may be taken 
together to form either a carbocyclic or heterocyclic ring. R4 is alkyl, arylalkyl, 
cycloalkylalkyl, heteroarylalkyl, heterocycloalkylalkyl, CN, COR5, CO2R5 or 
CONR5R6. R5 and Rfi are each independently H, alkyl, arylalkyl, cycloalkylalkyl. 

25 heteroarylalkyl or heterocycioalkylalkyl. Z is O, S or NRg; Rg is H, CN, 

sulfpnamido, OR7, alkyl, cycloalkyl, ^yl, arylalkyl, heterocyclyl, heteroaryl or . 
heteroarylalkyl. R7 is H, alkyl, arylalkyl, cycloalkylalkyl, heterocycloalkylalkyl, qr 
heteroarylalkyl. 

One preferred embodiment of the instant invention are compounds of formula 
30 I, as defined above, wherein Ri is alkyl; R2 is selected from the group consisting of 
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aryl and heteroaryl; R3 is H; R4 is selected from the group consisting of alkyl, 
arylalkyl, CC^Rs and CONRsR^; R5 and Re are independently selected from the group 
consisting of H, alkyl and arylalkyl; Z is selected from the group consisting of O, S 
and NRg; and Rs 'is selected from the group consisting of H and CN. 
5 In another preferred embodiment, the invention comprises compounds of 

formula I, as defined above, wherein R4 is selected from ithe group consisting of alkyl, 
arylalkyl, CO2R5 and CONR5R6. : 

In yet another preferred embodiment, the instant invention coniprises the 
compounds of formula I, as defined above, wherein R4 is CO2R5 or CONR5R6 and Z 

/ . . - rln yet ;a further .preferred embodinaeiit, the instant invention comprises the 
compounds of formula I, as defined above, wherein 'R4:is'selected from the group 
consisting of alkyl and arylalkyl, and Z is O. 

■ still yet anotheriprefenred embodiment, the instant ^^^^^^ 
1 5 compounds of formula I, as defined above, wherein Ri is CH3; R2 is aryl; R4 is- 
CO2R5; R5 is alkyl; and Z is O. 

In still yet another preferred embodiment, the instant invention comprises the 
compounds of formula I, as defined above, wherein Ri is CH3; R2 is aryl; :R4 is 

CONRsRe; R5 is alkyl, R^ is H; and Z is O. 

I , ■ 

20 . . The invention fiirther provides a pharmaceutical composition comprising a . 
compound of formula I, as defined.above, and a phannaceutically acceptable carrier. 
Optionally the pharmaceutical coinposition may fiirther comprise at least one other 
anti-cancer agent formulated as a fixed dose. 
, The invention also provides a method for treating a proliferative disease via 

25 modulation of the Eg5 motor protein, and/or, inducing apoptosis comprising 

^ " . ■' • ' ■ • . . • ■ *. ■ . ' • . . . ■ . ■ . 

administering to a mammalian species in need of such treatment an effective amount . 

• * • ■ . • ■ . ■ * " - 

of at least one compound of formula I, as defined above. In another embodiment, the 
invention provides a method for treating a proliferative disease via modulation of the 
Eg5 motor protein comprising administering to a mammalian species in need of such 
30 treatment an effective amount of at least one compound of formula I, as defined 
above, in combination (simultaneously or sequentially) with at least one other anti- 
cancer agent. In a preferred embodiment, the proliferative disease is cancer. 
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Certain compounds of formula I may generally be prepared according to the 
following schemes and the laiowledge of one skilled in the art. Solvates (e.g., 
hydrates) of the compounds of fomiula I are also within the scope of the present 
invention. Methods of solvation are generally known in the art. Accordingly, the 
5 compounds of the instant invention may be in the free or hydrate form, and may be 
obtained by methods exemplified by the following schemes below. 



Scheme I' 




10 ; ; Compounds of formula I where Z is S may be made in accordance with 

Scheme L A ketone or an aldehyde I (e.g., benzaldehyde, where R2 is phenyl and R3 
is H), is condensed with an acetoacetaniide HI to give a Knoevenagel product IV as a 
mixture of isomers. Reaction with S-paramethoxybenzyl thiourea provides the 
protected dihydropyrimidine thione V. The primary amido group of V is dehydrated 

15 to the cyano substituent in VI using a dehydrating agent such as Burgess' reagent 
(methoxycarbonylsulfamoyl)triethyiammonium hydroxide, inner salt. The N3 
substituent is introduced by reaction with R4X where R4 is alkyl or acyl, and X is a 
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leaving group, or where R4X is an isocyanate or haloformate. The protecting group is 
removed by treatment with acid in the presence of water to give compounds of 
formula I where Z is S. 



o o 




MeO^NHa 




OMe 



vni 



Burgess' reagent 




IX 



R4X/bas6 



TFA/'Hb6.(Z = 0); 



N^OMe NH4OH / NH4OAC (Z = NH); 
. NH2CN / (2 - NHCN) 



R2 



Compounds of formula I where Z is O, 'NH, or NRg are prepared from the 
reaction of Knoevenagel products IV with O-methyl ispurea to provide the O-methyl 

.4"' * * ' ' 

dihydropyrimidines VHI. The primary amide is converted to a nitrile group using a 
1 0 dehydrating agent such as Burgess' reagent. The N3 substituent is introduced by 

reaction with R4X where R4 is alkyl or acyl, and X is a leaving group, or where R4X is 
an isocyanate or haloformate. The methyl ether protecting group is remioved by 
treatment with acid in the presence of water to give compounds of formula I where Z 
is O. Alternatively, treatment of compounds of formula X with ammonium hydroxide 
1 5 in the presence of ammonium acetate, or cyanamide in ethanpl, provides compounds 
of formula I where Z is NH or NRg. 

Compounds of formula I may also be prepared using the Bignelli reaction (D. 
J. Brown in r/ie /^rimiV/iWj, Wile^^ 
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Scheme ill 

SOLID PHASE SYNTHESIS 




Xi 



o o 

HI ^ 
II 



xn 




XIV 



Burgess^ reagent 




XIII 



R4, 



R4X/base 




OMe 



XV 



OMe 



XVI 



CHaCN/HaO/TFA (Z=0) 

CHaCVTFAtZ^S) 
NH4OH/NH4OAC (ZsNH) 
NH2CN(Z;=NHCN) 




. . Gompounds of formula I could be prepared on isolid support as outlined in 
Scheme in. Starting compound XI denotes, a resin-bound benzyl alcohol used for 
.5 : ; solid support synthesis which is prepared from a Merrifield resin denoted as #, and 2 
methoxy-4-hydroxybenzaldehyde, followed by reduction of the aldehyde with 
-reducing agents such as NaBH4. The benzyl alcohol is converted into the benzyl 
. . chloride using agents such as hexachloroethane and tnphenylphosphine in THF to 
. form resins of formula Xn. The chloride is displaced with thiourea to form the 
ip.; ^ isothiourea resin Xnii The resulting resin is treated with excess pf ketoaniides like 
; :ac(&tqamide .(in, Ri is CH3), in the presence of ketones of formula R2COR3 or 

aldehydes of formula R2CHO to form the resin-bound.pyrimidinethiones of fomiula 
XIV, The.N3 substituent is introduced using R4X, where X is a leaving group and R4 
Js alkyl or acyl, or R4X is an isocyanate, or halpformate, in the presence of base to 
1^ > forni structures of formula XV. The primary amide can be dehydrated to the cyano 
group using reagents such as Burgess' reagent to form compounds of formula XVL 
The products can be cleaved from the resin using a variety of conditions to form 
compounds of formula I, where Z is determined by the cleavage method employed. 
Cleavage in the presence of aqueous acid will form compounds of formula I with Z 
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being O, whereas cleavage under anhydrous acid conditions will form compounds of 
formula I with Z being S. Alternatively, treatnient of resins with structure XVI with 
ammonium hydroxide in the presence of anmionium acetate will fonn compounds of 
formula I With Z being NH, while treatment with cyanamide, provides compounds of 
formula r with Z being NHCN. . 

SCHEMEiV 



^CN l)HClaq/Ei20 



H2N 'Rt 2)CH(OEt)3 



XVII 



pEt 

O^R, 



;xviii 



H 




MeO .:NH2 



EtaN/EtOH 



N 



CN 




MeO N^7Ri 



XIX 



RsMgBr 
THF ' 



MeO'^N -R, 
XX 



CICbOEVRy 
CH2CI2 ■ 



O. R3 ; HaOn^FA 

MeO'^N jR, 
XXI 




O^N^R, 
H 

XXII - 



' Compounds of €orniu^ XypCI -may ^te 
acrylonitrile XVin using'^lheimethodS'iU^ Reaction of a 

coiiapound of fonnula XWHiwith aqueous acid, s^^ as ^hydrochloric acid, followed by 
10 treatment with triethyi orthbfdimate, pro^^ 

Reaction of a compound of formula XVM with O-methyl isourea in the presence of a 
base such as triethylamine, provides a pyrimidine of formula XIX. Pyrimidines of 
formula XJX may be reacted with organometallic species such as a Grignard reagent, 
R^MgBr, in a solventsuch as ether or tetrahydrofuran, to give a pyrimidine of formula 

* • • • 

15 XX, which >is a compound of formula DC wherein R2 is H. In analogy with Scheme II, 
a compound of formula XX- may -be converted into a compound of formula XXII, 
which is a compound 6f formula I in Which R4 is ethoxycarbbnyl and R2 is H: 

Alternatively, compounds of formula I, wherein Z = 0, may be prepared in 
accordance with Scheme V. Following the procedure of E.H. Hu a/ (J. Org. Cheni, 

20 1998, 6i, 3454-3457), a carbonyl compound of formula n is condensed with an . 
acylacetamide of formula HI in the presence of urea, cuprous chloride and 
borontriflouride etherate to give intermediate XXHI. Dehydration with trifluoroacetic 
anhydride in pyridine affords nitrile XXIV. The N3 substituent is introduced by 
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reaction with R4X where R4 is aikyl or acyl, and X is a ieaving group, or where R4X is 
an isocyanate or halofonnate to give compounds of formula I. Deprotonation is 
effected with a base such as sodium hydride or LDA in apfotic solvents such as 
dimethylformamide or terahydrofiiran. ; 

■ . ' * ■ . 

5 

• Scheme V 




to yet another procedure, compounds of for^ 
prepared- in accprdanccrwith Schejtne VI. A carbonyl coitippund of foim . 
condensed with , an acylacetanude of formula fl^ ^the/pre^nce of urea and. 
10 . ;polyphos;pate ester . to directly afford nitrile XXiy . Introduction of the N3 substituent 
-follows the .ptrocedure as described in Scheme V . Compounds of formula I, >yhere R4 
is auMnocarbonyl, may also be obtained by first forming a reactive inteimediate such 
as a ni trqphenylcarbaniate of formula XXV , which is subsequently reacted with an 
amine. 
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Scheme VI 



PCTAJS02/09497 



R2 'R3 



R2COR3 + 



II 




PPE.THF 

NHj urea 



III 




XXIV 



base 




OC(0)CI 



NC 




R2 R3 : 

H 
I 




XXV 



In all of the above schemata 2-acyl acetonitrile derivative, i.e., RjCCiCHiCN, 

may be substituted for a compound of formula HI. 

• ■ ' ■ ' • .' ■ ■ ' ' . . . . ■ 

As discussed in the background section, Eg5 is a kinesin-like motor protein 
5 that facilitates spindle bipbliarity during mitosis of the cell cycle. More specifically, 
' the Eg5 protein acts to sort and ibundle microtubules of the mitotic spindle during 
niitosis. Accordingly,' Eg5 participates in tell cycle regulation through the spindle . 
checkpoint during the M phase of the cycle'. While not wishing to be bound by any 
theory, it is believed that the compounds of the instant invention act as Eg5 inhibitors. 
10 This is theorized because the compounds of the instant invention induce a monopolar 

1 ... 

astral array of -microtubules (the mohoastral phenotype) and it has been shown that 
when Eg5 activity is;abseht, the monoastral ;^^ of the 

mechanism of action, the cpnapounds of the instant invention have been shown to 
cause disruption of the bipolar spindle, spindle checkpoint initiation, mitotic arrest, 

15 . progranmied cell death and tumor, cell proliferation inhibition. Furthermore, the 
compounds of the invention induce a cell cycle arirest in mitosis that is not transient 
' but rather which progresses into programmed cell death. The compounds also exhibit 
high potency, inducing mitotic arrest and apoptosis in human cells in vitro at 
concentrations in the low or sub |iM range. Additionally, in contrast to microtubule 

20 agents, the compounds do not disrupt the dynamic instability of microtubules. The 
instant invention may therefore more specifically target the mitotic spindle of 
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proliferating cells, which may provide for different toxicity profiles than those of 
existing anti-cancer drugs. 

, % 

The compounds according to the invention have pharmacological properties; 
in particular, the compounds of formula I induce mitotic arrest and are believed to be 
.5 Eg5 inhibitors. * The novel compounds of formula I are thus useful in the therapy of a 
•variety of proliferative diseases (including but not limited to diseases associated with 
the Eg5 motor protein) such as cancer, autoimmune diseases, viral diseases, fungal 
[diseases, neurodegenerative disorders and cardiovascular disease. 
More specificdly, the compounds of formula i are usefu^^ 
10 variety of cancers, including, but not limited to, the f^^ 

; ; ' . ' a>caicinomia,1ncluding that of the bladder, breast, coto^ 
■ ' liver, lung, including small cell lung c^^ 

ovary, pancreas, stomach, cervix, thyroid^ prostate, and skin, including 
' squamous cell carcinoma; 

15 . b) hematopoietic tumors of lymphoid lineage; including leiikeniia; ^ 

• ■ ■ ■ ■ - • 

> . acute lymphocytic leukeniia, acute lympho 

• ' • ■ .* ' ' 

; lymphoma, T-cell lymphoma, Hodgkins lymphoma, non-Hodgkins 

■ ■ ■ ■ . * ' 

lymphoma, hairy cell lymphoma and Burkett's lymphoma; 

c) hematopoietic tumors of myeloid lineage, including acute and 

20 - chronic myelogenous leukemias, myelodysplastic syndrome and 

promyelocytic leukemia; 

d) tumbrs of mesenchymal origin, including fibrosarcoma and 
. rhabdomyosarcoma; 

/ e) tumors of the central and ^peripheral nervbus system, including 

25 astrocytoma, neuroblastoma, glioma and schwannomas; and 

« • 

f) other tumiors, including melanoma,^ seminoma, teratocarcinoma, 
osteosarcoma, xenoderoma pigmentosum, keratoctanthoma, thyroid 
follicular cancer and 'Kaposi's sarcoma. 
;Due to the key role of motor proteins in the regulation of cellular proliferation 
30 in general, inhibitors could act as reversible cytostatic agents Which may be useful in 
the treatment of any disease process which features abnormal cellular proliferation, 
e.g., benign prostatic hyperplasia, familial adenoniatosis polyposis, neuro- 



^^^^ 

4 ' ■ ' 

I 
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-fibromatosis, atherosclerosis, pulmonary fibrosis, arthritis, psoriasis, glomerulo- 
nephritis, restenosis following angioplasty or vascular surgery, hypertrophic scar 
formation, inflammatory bowel disease, transplantation rejection, endotoxic shock, 

■ and fungal infections. . ; ^ ^ - 

5 Goinpounds of formula I induce apoptosis. The apoptotic response is aberrant 

' in a variety of human diseases: , Compounds of formula !, as modulators of apoptosis, 

will be useful in the treatment of cancer (including but not limited to those types 

" . ' ' . . • " • 

mentioned herein above), viral infections (including but not linaited to herpevirus, 

■ ■ spoxvirus, Epstein-Barr virus, Sindbis virus and adenovirus), prevention of AIDS 

10 development in Hiy -infected individuals, autoimmune diseases (including but not 

. vliihited to systemic diipus, erythematosus, autoimmune mediated glomemlonephritis, 

•rheumatoid artlpitis, psoriasis, inflammatory bowe^ disease, and autoimmune diabetes 

./ .melMtus),)n^ur6degeneratiye disorders (including but not limited to Alzheimer's 

disease, AIDS-related dementia, Parkinson' s disease, amyotrophic lateral sclerosis, 

15 . retinitis pigmentosa, spin atrophy and cefrebellar degeneration), 

myelodysplasticisyndxomes, aplastic aneinia, ischeniic injuiy^ a^^ 

myocardial infan:tions, stroke, and lepeifusioh in^ 

toxin-induced or alcohoLrelated liver diseases, hematological diseases (including but 

ihot liniited to chronic anemia and aplastic anemia),, degenerative diseases of the 

• * . = . • ■ ' ■ . ■ < • ■ . 

20 musculoskeletal systein (induding but not ilinuted to osteoporosis a^ 

aspirin-sensitive rhinosinusitis, cystic fibrosis, multiple sclerosis, kidney diseases and 
cancer pain. . - ' : 

Compounds of formula I may modulate the level of cellular RNA and DNA 

" • * 

. synthesis. •These agents wpuld^tberefore .be vusefiil in tiie treatment of viral infections 
25 (including but not 'Uniited to Ii[V, human papilloma virus, herpesvirus, poxvirus, 
Epstein-Barr virus, Sindbis virus and adenovirus). 

< ■ ■ ■ 

. Conipounds of formula I are useful in the chemoprevention of cancer. 
Chemoprevention is defined as inhibiting the development of invasive cancer by 
: either blocking the initiating mutagenic event or by blocking the progression of pre- 
30 malignant cells that have already suffered an insult or inhibiting tumor relapse. ' 

Compounds of formula I may also be useful in inhibiting tumor angiogenesis 
and metastasis. 
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The instant invention may also inhibit other motor proteins, for example, 
including but not limited to: those human motor proteins that corresppnd to, Xklp2i 
MKLPl, CHOI, chrbmokinesins. Nod, Cenp-E, MCAK, members of the BimC 
family, and members of the Kar3 family. Additionally, compounds used in the 

5 methods of the instant invention may also act as inhibitors of other kinesin or kinesin- 

• ■ - ■ - 1 • " i 

■ '■ " ■ . • * t' , ' » ' • i. . • ■ ... . ' ■ • ' 

like proteins and thus be effective in the trcatnient of diseases aissociated with other 
kinesin or kinesin-like proteins. 

The compounds of this invention maiy also be useful in combination 

, • * ■ ' *• • ■ . . » • 

(administered together or sequentially) with known anti-cahcer treatments such as 
10 radiation therapy or with cytostatic or cytotoxic agents, such as for example, but. not 
limited to, DNA interactive agents, such as cisplatin or doxorubicin; topoisomerase n 
inhibitors, such as etdposide; topoisomerase I inhibitors such als CPT-11 or topotecan; 
■tubulin interacting agents, such as paclitaxel, docetaxel or the epothilones; hormonal 
'igents, such as iambxifen; thymidilate synthase inhibitors, such as 5-fluorouracil; and 
15 anti-metabolites, such as medioxtrexate. 

If formulated as a fixed dose, such combination products employ the 

compounds of this invention within the dosage range describeid beldw and the other 

• - 

■ ■ ' ■ - . _ 

. pharmaceutically. active agent or treatment within ?its approved dosage range. . 
Gompounds of fonnula I may also be adniinistered sequentially with ^^^^^ 
20 . anticancer or cytotoxic agents when a combination formulation is inappropriate. The 
invention is not limited in the sequence of administration; compounds of formula I 
may be administered either prior to or after 'administration of the known anticancer or 
cytotoxic agent(s). . . 

25 ^ASSAYS - . ■ .\:, 

The pharmacological properties of the compounds of this invention may be 
confirmed by a number of pharmacological assays. The exemplified pharmacological 
assays which follow have been carried out with the compounds according to the 
invention and their salts. The compounds of formula ^exhibited antiproliferative 

30 activity. Preferred compounds exhibit IC50 values less than or equal to about 10 pM. 
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Cell Culture . . \ 

Cell lines are maiiitidhed in RPMI- 1 640 plus 1 0% fetal bovine serum. 

72'Hbur Prbliferatiori Assay 

5 Cells are plated at a density of 3,000-6,000 ceUs/well, depending upon the cell line used, 
in a 96-well plate. The cultures are grown overnight. Cells were then treated in triplicate 
with a seven concentration dose-response curve. The maximum concentration of DMSO 
never exceeded 0.5%. Cells were exposed to compound for 72 hours. Proliferation was 
measured using XTT or MTS frpm Pronaega. ,The ovarian, breast, prostate, lung, 
10 . leukemia, and colorectal human cancer cell lines used in Uiis assay included but were not 
limited to, for example, A2780S;, SKBR3 , MDA-MB-231, PCS, LX-i , K562, HT-29, 
WiDr, HCT-15 andHCT116. The cpnapounds of formula I exhibited activity in the 72- 
hour cell proliferation assay, inhibiting cell proliferation in one or more of the cell lines 
listed above with at an IC50 less than qr equal to about 10 jlM. 

15 ; , • 

Clonopenic Growth Assay 

Colony growth inhibition was measured for A2780 ovarian carcinoma cells using a 
standard clonogenic assay. Briefly, 200 cells/well were seeded into 6-well tissue 
' culture plates (Falcon, Franklin iJakes, NJ) and allowed to attach for 18 hours. Assay 

20 medium consisted of RPMI- 1 640 plus 1 0% fetal bovine serum. . Cells were then 
^treated in duplicate with a six concentration dose-response curve. The maximum 
concentration of DMSO never exceeded 0.25%. Cells were exposed to compound for 
4, 8 or 24 hours. Compound was theo removed and the cells were washed with 2 
volumes of PBS. The normal growth medium was then replaced. Colonies were fed " 

25 with fresh media every third day. Colony number was scored on day 10-14 using a 
bptimax imaging station. The compound concentration required to inhibit 50% or 
90% of colony formation (IC50 6r IC90, respectively) was determined by non-linear 
regression analysis. The coefficient of variance (SD/mean, ni=3) = 30%. When 
exposed to cells for 24 hours, the compounds of formula I exhibited activity in the 

30 clonogenecity assay. 
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■ Combination Studies - Clonogenic Growth Assays 

Combination studies to examine the use of the Eg5 inhibitors of formula I in 
combination with other antineoplastic agents were conducted essentially the same as 
the istandard colony growth assay with the exception of compound treatment. Iii the 
5 combination studies, the cells were treated with both a compound of formula 1 and 
another antineoplastic agient. The compounds were adrninistered siniultaneously or , 
sequentially; both the order of sequence and length of treatment (1 to 24 hours) were 
varied. Data evaluation Was based upon the isobologram analysis and the envelope of 
additivity, using the line of multiplicity which compares the survival fractions of 
10 combination treatments with those of single drug treatments. 

Cell Cvcle An'alvsLy . 

The cell cycle profile of cells treated with compounds of formula I was monitored by 
flow cytometry. Briefly, A2780 ovarian carcinoma cells were seeded at a density of 2 

15 X 10^ per well in standard 6 well culture plates and permitted to grow for 17 hours. 
Cells were then exposed to compounds of formula I at varying concentrations for 2 to 
24 hours. Following exposure, cell populations were harvested, stained with 
propidium iodide to determine DNA content and also stained with the apprqjpriate 
immunological reagent for protein biomarkers of mitosis and apoptosis, including, for 

20 example, anti-phospho-TlireonineProline, anti^M Phase Phospoprotein 2 (MMP2), 
and anti-p85 PARP. The compounds of formula lexhibited activity in the cell cycle 

. ^ profile analysis a^ssay, producing significant increases in mitotic and apoptotic 
fractions of the cell population. 

25 Immunocvtochemistrv Assavs . 

r 

A2780 ovarian carcinoma cells or PTK2 kangaroo rat kidney epitheilal cells 
were plated at a density of 200 to 2000 cells per well in 4 chamber glass slides and 
allowed to attach overnight. Cells were then treated with compounds of formula I at 
concentrations of 100 nM to 50 ^iM for 4 to 30 hours, fixed and penneabilized for 
30 subsequent staining. Stain reagents included, for exaniple. propidium iodide, DAPI, 
rhodamine phalloidin, anti-otubulin, anti-Ptubulin, anti-Ttubulin. and the appropriate 
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fluorescent-tagged secondary antibodies. Cells were imaged by fluorescent and 
confocal fluorescent microscropy. The compounds of formula I inhibited bipolar 
- spindle formation and induced a monoastral array of microtubules. 

Further subject matter of the invention also includes pharmaceuticals for use 
5 as described above including controlling cancer, inflanmiation and arthritis, which 
contain at least one compound of the formula I as defined above or at least one of its 
pharmacologically acceptable acid addition salts, and the use of a coinppund of the 
fonnula I as defined above for the preparation of a pharmaceutical having activity 
against proliferative diseases as described previously including against cancer, 
10 inflammation and/or arthritis. 

The following exaniples and preparations describe the manner and process of 
making and using the invention and are illustrative rather than limiting. It should be 
understood that there may be other embodiments which fall within the spirit and scope of 
the invention as defined by the clainls appended hereto. 

15 .Exami)Iei 

. ...... ^ ' • , ' 

5-Cyano-5,6-dihydro-4-methyI-li-^(3-^^^^ 
pyrimidinecaFboxylic acid, l^ethyl ester * , 
A. Stepl 

.-. - ■ . . . , ■ ■ 

A mixture of 6.42 g of acetoacetaniide, 8.0 g of 3-nitrobenzaldehyde, 0.61 ml of 

20 acetic acid, and 0.21 ml of piperidirie in 30 ml of toluene was heated to reflux. A 

". * . ■ * • ■ 

^ Dean Stark trap was used to azeotope the water produced. After refluxed for 2 h, the 
reaction mixture was cooled to iroom temperature, with a lot of solid appeared, it was 
treated with a solution of 300 nil of EtQAc and 25 nil MeOH, the solid was then 

• 4 

filtered off, rinsed with 15 ml of EtOAc twice to give 3.1 g of desired product in 25% 
25 yield. 

* • . ....... 

B: Step2 

A mixture of 200 mg of the compound of Example 1, Step 1, 198 mg of 2-(4- 
methoxybenzyl>2-thiopseudourea HCl salt, 84 mg of sodium acetate in 3.6 ml DMF 
30 was heated at 85 for 1 5 h, then cooled to room temperature. The resulting reaction 
mixture was purified by preparative HPLC using a (YMC S5 ODS 20 X 100 nun) 
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« ■ 

column, the desired fraction was concentrated to dryness. Saturated NaHCOa (50 ml ) 
was added and extracted with EtOAc (3 x 50 ml), combined EtOAc extracts were 
washed with 30 ml of brine, dried with MgS04, filtered and concentrated under 
vacuum to give 126.1 mg desired product in 36% yield. 

•-0. ''Step 3 ' " . 

i 

A mixture of the compound of Exaniple 1, Step 2 ( 86.5 mg) and Burgess reagent 
(150 mg ) in 7.0 ml of anhydrous IMF was stirred at room temperature for 1 h, 
concentrated under viaicuum, then purified by preparative HPLG using a YMC 85 ( 
10 ODS 20 X 100 mm) colunm to give 80.8 mg of desired product in 87% yield. 

D: Step4 

• <To.a^s^^ and pyridine(0.1 ml ) 

in 0.6 ml of GH2GI2, 17 pJ of ethylchlorofonhate was added^ after stirring for 2.5 h, 

1 5 ' another 22 jil of ethylchloroformate was added, the reaction mixture was stirred for 2 
h, then 0.3 ml of trifludroacetic acid was added, the resulting mixture was stirred for 
another 1 h, and concentrated under vacuum, diluted With DMF, MeOH and a little 
'CH2CI2. filtered, then purified by preparative HPLC using a (YMC S5 ODS 20 X 1 00 
mm) column to give 22.5 mg of iproduct in 42.7% yield. MS (M-H)* = 345. iffLC RT 

20 = 2.85 min (YMC S5 ODS column 4.6 x 50 mm, 10-90% aqueous medianol over 4 
minutes containing 0.2% phosphoric acid, 4ml/min, monitoring at 220 nm ) . 

.''£xahiiile'2 ' 
5-^Cyano^3|,6-dlhydrb-4-methyl-6-(3-^^^ 
25 py rimidinecarboxylic add, 1-ethy^ 
A. Step 1 

10.92 g of NaHCOs was added portionwise to a solution of 7.83 g of the compound of 
Example 1, Step-1 and 7.48g of b-methylisourea hydrogen sulfate in DMF (100 ml), 
there was gas evolved. The reaction mixture was stirred for 2 h , then heated at 65*'C 
30 overnight, cooled to room temperature, diluted with 800 ml of EtOAc, washed with 
water (2 x 100 ml) and brine (1 x 100 ml). The organic layer was dried MgS04, 
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filtered and concentrated under vacuum. The resulting residue was triturated in 
lEtOAc- CHaCh-hexane to give 5.48 g of desired product as solid (56%). 

B. Step 2 , ...... 

5 A niixture of the compound of Example 2, Step 1 ( 209 mg ) and Burgess reagent ( 
274.5 mg ) in CH2CI2 (5 ml ) and THF ( 10 ml ) was stirred overnight. The reaction 
mixture was concentrated undervaicuum, diluted with 150 -ml of EtOAc, then washed 
with saturated NaHCOa (2 x 30 ml) and brine (1 ix 30 ml), dried with MgS04, 
concentrated under vacuum. The resulting residue was purified silica gel 
10 chromatography to give 136 mg ( 69.4%) of desired product, 

C. Step 3 

,1:23 nil of pyridine was added to a solution of 2^075 g of the compound of Example 2, 
. Step2in GHaChCSOnil) under argon'atO°C,ithen>0.87m^ 
15 . was added slo>yly. The reaction ^mixture was wsumediofoom tempera and'stirred 
. for 3 h, diluted with a mixture^of saturated of NaHGpa (50 ml) and brine (50 ml), 
. extracted with EtOAc three times, the combined layers were washed with brine and 
dried withMgS04, fUtered.and concentrated under vacuum, purified by silica gel 
vchxx)matography itO ;givie2.57 vg ( 98%) of desire 

• - «*- 

D. - Step4 , ■ ' ^ , . 

2.5 ml of TFA was added to a solution of 1 .44 g of the compound of Example 2, Step 
3 in CH3CN (25 nil ) and H2O (2.5 ml ), the reaction mixture was stirred for 2 h, a lot 
of white solid appeared.. ITie solid was filtered off, rinsed with CH3CN ( 3 x 20 ml ) 
25 and hexane (2 x20 ml ), dried in air to give 860 mg ( 62.2% ) desired product. The 
filtrate was concentrated under vacuum, the solid was recrystallized in CH3CN to give 
another 320 mg (23.2% ) of product. MS (M-H)* = 329. HPLC RT = 2.53 min (YMC 
S5 ODS column 4,6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 
0.2% phosphoric acid, 4ml/niin, monitoring at .220 nm ) 
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Example s . ^ . ' 

5-Cyano-3,6-dihydro-4-inethyl-6-(3-nitrophenyl)-2*oxo-l-(2H)- 
pyrimidinecarboxylic acid, 1-ethyl amide. 
A. Step 1 

5 , To a solution of the compound of Example 2, Step 2 (100 mg; 0.37 mmol) and 
. ^pyridine (0.74 nmiol; 18 jiL) in dichloroethane (40 mL) was added 4Tmtrophenyl 
. V chloroformate (8 1 nig; 0.40 mmol) and the resulting solution was stirred at room 

temperature for 1 .5 hours. The reaction .mixture was diluted with saturated NaHGOa 

^ ■ ■ ■ . 

(30 mL). exuracted with ethyl acetate (3 x 50 mL), dried (MgS04) and concentrated i 
10 yacuo to afford a white .fpam. Purification by chromatography. (SiOa: 20% 

• ' * 

. EtOAc/hexane) afforded the desired compound as a colorless foiun (99 nig; 62%) 

^ • ■ ( •" ■ • ' 

:B. Step 2 

To a solution of the compound of Example;3,. Step 1 ^(1 2 mg; 27 pmol) in THE (0.1 
15 mL) was added 2M ethylamine in THF solution (15,|iL; 30 mmol) in one portion at 
room temperature and the resulting yellow solution was stirred 30 minutes. Dilution 
:../of the reaction mixture with methanol (1.8 mL) afforded a yellow solid which was 
- / collected by suction filtration and purified by ipreparative HPLC to afford the tide 
. compound as a white solid (20 mg; 22%). . ' ^ . 

. _ , ^ . ^ > i 

In contrast to the method of Example 2 above, in this case the 2-methoxy group 
hydrolyzed during isolation and^purification to afford the dihydropyrimidinone ring 
without the need for treatment with TFA (Example 2, Step 4). 

25*' \ = ■ Example 4. . 

. 5-Cyano-3^6-dihydrp-4-methyl-6-(3-nitrophenyI)-2<^oxo-l 
pyrimidine 
A. Step 1 

23.7 jil of butyryl chloride was added to a solution of 52 mg of the compound of 
30 Example 2, Step 2 and 0.15 ml of pyridine in Q.6 ml of anhydrous CH2CI2, the 
. . reaction mixture was stirred for Ih, then 24 pi of butyryl chloride was added, the 
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* • 

reaction was stirred for 1 .5 h, purified by preparative HPLC using a YMC S5 (ODS 
20 X 100 nim ) Cfolunin to give 30 mg desired product. 

B. Step 2 

5 A solution of 30 mg of the compound of Example 4, StQp 1 , 0.2 mi of and 0.2 ml 
of TFAin 1.2 ml CH3CN was stirred for 1.5 h,^it was added'another G.l nil of 
and stirred for another 2.5 h. The reaction mixture was concentrated under vacuum, 
: and purified by preparative HPLCiusing a YMC^^S^ 20 x 100 mm ) column to 
/give 11.8 mg desired product. MS (I^^^ 
10 ODS column 4.6 x 50 mm, 40-90% aqueous methanol over 4 minutes containing 
0.2% phosphoric acidv4niyniin/^^^^ 

■ ' • ■ . . * * * " ' ■ ■ ' . ' 

Example 5 

enantio 5-Cyano-3)6^1ihydn>-4-methyi-6-(3-hitrophenyl)-2H>xo 
15 r . ipyrinudineciaFboxylic acid, 1-ethyl e^^^ . 

i, 53 mg of the compound of Example 2, Step 4:was dissolved in absoluteEtOH, 

• ' ■ ^ * .. • . ' ' • 

/preparative chiral separation was carried out using a Chiralcel OD-H S5 (4.6 x 250 
mm ) colunm, 20 mg of icnantiomer A and 27 mg of enantiomer B were obtained. MS 
: ,(M-H)* = 329. HPLC-Chiral RT = 10.44;min (Chiralcel OD-H, S5, column 4.6 x250 
'20 mm, 10% MeOH / 10% EtOH /Heptane. 1 .0 ml /min, monitoring at 220 nm, 94.7% 

■ '-S'": '-'' : Example6^- ; 

enantio 5-Cyaflo-396-dihydro-4-methyl-6-(3^nitrophenyl).2H>xo-l-(2H)- 
pyninidinecarboxyUc acid, 1-ethyl ester (enantio 
25. MS QA-HT = 329. HPLC-Chiral RT = 1:2.92 min (Chiralcel OD-H, S5, column 4.6 • 
x2S0 mm, 10% MeOH / 10% EtOH /Heptane, .1.0 ml /min, monitoring at 220 nm, 
99.64% ee) 

Example? 

30 5-Cyano-3»6-dihydro-4-niethyI-6-(3-aminophenyl)-2-oxo-l-(2H)- 

* 

pyrimidinecarboxylic acid, 1-ethyl ester 
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■ . • * 

A solution of 1 2 mg of the compound of Example 1 , S tep 4 in ethanol was treated 
with 100 mg of tin (II) chloride :and heated to reflux under argon for 90 min., the 
reaction was cooled down and quenched with saturated NaHCOa solution and 
extracted with EtOAc ( 3 x 50 ml ). The combined organic layer was washed with 
.5 HiO, dried with Na2S04 and concentrated under vacuum; It was triturated with 
hexane and ether to give 8 mg of crude product, which was further purified by 
preparative HPLC to afford 3 mg of desired product as TFA salt. MS (M+H)"^ = 301. 
HPLC RT = 1 .685 min ( YMC S5 ODS column 4.6 x 50 nun, 10-90% aqueous 
methanol oyer 4 minutes containing 0.1 % of TFA, 4ml/min, monitoring at 220 nm ) 

10 ■ • . ' r^; . . 

" " ' ■ * ' ■ ' \' • 

■ • :" ■ " • . : ->ExanipIe 8'-' • 

: 5-Cyano-3^6-d|hydro^-methyl-6-(3-(N^<^imethyl)aminop^^^^ 
pyrimidinecarboxylic acid, 1-ethyl ester 

A solution of 12 mg of the compound of Example 7 in CH3CN ( 1 ml) was added 
15 paraformaldehyde ( 40 mg ), sodium cyanoborohydride ( 30 mg ) followed by 2 drops 
of acetic acid. The reaction mixture was stirred at room temperature for 2 h, then 

• • ■ * * 

quenched with saturated NaHCOa solution and extracted with EtOAc three times. The 

combined organic layer was washed with brine, dried with Na2S04 and concentrated 

■ ■ J. ■ ' ■ 

^ :under vacuum; .The resulting residue was purified by preparative HPLC to yield 3.2 
20 mg of desired product as TFA seit MS (M+H)"" = 329. HPLC RT = 1 .76 min (YMC 
S5 ODS column 4.6 x 50 mm, 10-90% aqueous methanol over 4 minutes containing 

0.1% of TFA, 4nil/min, monitoring at 220 nm ) 

• - » • 

■ 

f , • • • „ •\- ■> _ . ■ • i' - ' ... . • . 

'■ . . • " ■ ' ■ 

Examples 9 through 15 were prepared using the methods of Example 2 with the 

25 . 'Substitution of an appropriate benzaildehyde in Step 1. 

Example 9 

5-Cyano-3,6-dihydro-4-methyl-6-(3-trifluoroinethylphenyl)-2-oxo4-^ 
pyrimidinecarboxylic acid, 1-ethyl ester 

30 HPLC-HI 100% at 2.84 min (YMC S5 ODS column 4;6 x50 mm, 10 - 90% aqueous 
methanol over 4 minutesxontaining 0.1% of TFA , 4 ml/min, monitoring at 220 nm). 
MS:[M+Hf = 354. . 
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Example 10 ' 

5rCyano-3,6-dihydro-4-methyl-6-(2^rdichIorophenyl)-2H)xo4-(2H)- 
pynmidinecarboxylic acidy l-ethyl ester 

flPLC-HI 100% at 3.2 min (YMG S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 
5 methanol iOver 4 minutes containing 0.1% of TFA , 4 mymin, monitoring at220 nm). 

■ ■ . .. ■ r' , . . - - . . "i ■ . 

- * ■ ■ . ' ■ ' . ■ • <■ 

-;. sExample 11 '-^V 

. : 5-Cyanor3,6Hlihydro-4-methyl-6-(3-methoxyphenyI)-2-oxo^^^^^ 
10 pyrunidiiiecarboxylic acid, 1-ethyl ester 

HPLC-HI 100% at2.42 min.(YMC S5 ODS colun^ 10 - 90% aqueous 

. ! : ; methanol ovjer 4 minutesscontaining 0.1% of 1^ 220 nm). 

MS: [M+H]* = 31f , ' ^ .. ' . ■ ' • , 

15 5-Gyano-3,6-dihydro-4-methyl-6-(3^-^^ 

. . . p^^ 

::HPtC-HI.:87% at 3.26 imn (YMC:S5 ODS column 4i6vx 50 mm,' 10 - 90% aqueous 
. meOianoI oyer 4 minutes containing 0.1% of lTA ,;4 ml/min, monitoring at 220 nm). 
5M5: [M-Hr = 352. - :. ••' v:'. 
20:;. . ; T. iy-? ■ " 

... . . .11 

...» 

Example 13 

■ • ' ♦ » * • » 

. 5-Cyano-3,6-dihydro-4-hieithyl-6-(394-dichlorpphenyl)-2-oxo-i-^^ 

'J ' ■ _ ■ 

pynmidinecarboxylicacid,<l-etiiyl ester 

HPLC-HI 100% at 3.197 min (VMC SS ODS column 4.6 x 50 mm, 10 - 90% aqueous 
25 methanol over 4 minutes containing 0. 1 % of TFA , 4 ml/min, monitoring at 220 nm). 
MS: [M-H]" = 352. 

. . . , - . .1 • ■ 

Example 14 

5-Cyano-3»6*dihydro-4rmethyl-6-(3-cyanophenyl)-2-oxo-l-(2H)- 
30 pyrunidinecarboxylic acid, 1-ethy I ester . 
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HPLC-HI 93% at 2.32 min (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

methanol oyer 4 minutes containing 0;1% of TFA , 4 ml/min, monitoring at 220 nm), 
MS: [M+H]* = 3H. o 



5 '■ ExamplelS ^ • 

5-Cyano-3,6-dihydro4-methyi-6-(4-ihethoxyphenyl)-2-oxo-^^ 
pyrimidinecarboxylic acid, 1-ethyl ester 

HPI^-HI 100% at 2.55 min (YMC S5 ODS column 4.6 x 50 mm, 10 - 90% aqueous 

' - . ■ ■ . • ■ 

methanol over 4 minutes containing 0.1% of TFA , 4 nil/min, monitoring at 220 nm). 

10 MS: [M+H]^ = 316. 

" V '■■ ^Example 16' 
5-Cyailb-3^i5-dihydi^.met^^ 

pyiiinidiriecarlH>xyUc a^^ ■ 

15 • A.* St;q)i • ^ ' ^ ' : - 

A doudy solution of 3-aminocrotbn6nitrile (41 g, 0.5 mol ) in EizO (500 ml ) was 
added dropvwse to the 15% HCl solution (115 ml) at p°C over 30 liiin with vigorous 
stirring, and the reaction mixture was stirred at O^^C for 15 min. The aqueous solution 
was then separated, extracted with Ebp (2 x 125 ml ), the coinbined prganic phases 

20 dried with Na2S04. Triethyl orthoformate ( 83.ml ) in a 500 ml three-neck flask 
equipped with, addition funnel and distillation set was stirred in 60'*C-65°G oil bath, 
the above ether solution was added dropwise such that the rate of addition was equal 
to the rate of distillation. An additional 83 ml.of triethyl orthoformate was added to 
the reaction when the addition of the ether solution \vas half complete, the oil bath 

25 temperature was slowly raised to 100°C, and the reaction mixture was then stirred for 

> * ■ * ' 

5 h. Distillation gave 26.6. g (38%) of desired red solid product at 150-155°Cy 2inm 
B.cStep2 

30 To a mixture of 0-methylisourea sulfate (9.9 g, 80 mmol), die compound of Example 
16, Step 1 ( 7.4 g, 53 mmol ) and ethanol ( 90 ml ) was added EtsN ( 1 1 ml, 80 mmol). 
The mixture was stirred at room temperature for 15 niin. then stirred at 66''C for 3 h. 
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and concentrated to remove EtOH. EtGAc (80 nil ) and H2O (80 ml ) were added, the 
' aqueous layer were separated and extracted with EtOAc ( 2 x 80 ml ), the combined 
organic layer were dried with Na2S04, concentrated to give brown solid, which was 
dissolved in EtOAc, filtered through a silica gel pad, washed with EtO Ac/heptane ( 
5 1/1 ) to remove dark color, and the combined filtrate was concentrated. The solid thus 
obtained was recrystallized in heptane / EtOAc to give yellow crystal 5. 18 g in 65% 
yield. ; 

C. .Step3 

10 . A solution of p-tolylmagnesium bromide in ether ( IM, 1 ml, 1 mmol ) was added 
dropwise to a solution of the compound of Example 1 6, Step 2 (75 mg, 0.5 mmol ) in 
THF (2 ml ) at 0°C under argon. Ilie reaction mixture was stirred at the temperature 
for 1.5 h, another 3 ml of Grignard , reagent was added at -78^C,:the reaction was 
slowly wanned to room temperature and stirred for 2 min. Saturated NH4CI ( 5 ml ) 

15 and H2O ( 5 ml ) were added, the mixture was extracted with EtOAc (2 x 15 ml ), the 
. combined organic layer was dried, concentrated and chromatographed on silica ^gel to 
give 45.6 mg of desired product in 91% y \ 

20 To a solution of the compound of Example 16, Step 3 (t09 mg, 6:45 mmol) was 
added pyridine (0.2 ml, 2:5 nmiol) in dry CH2Cil2 (5 ml) followed by ethyl 
chlorofonriate (0.1 ml, 1 .05 mmol), and the fesidting reaction mixture was stirred at 
room temperature ovdmight. MeOH was added, the resuitihg niixture was stirred for 
15 min, concentrated, and chromatographed on silica gel column to give 100 mg 

25 desired product as colorless oil (71*K? ). 

• . ■ ■ . •. 

» • . • ■ , . ' ... 

I •. . • • ; • ■ • ' ■ ■ . • 1 ' ' ' . ■ ' - 

E. Step 5 

A mixture of the conipound of Example 15, Step 4 (100 mg , 0.32 nmiol), H2O (0.7 
ml), CH3CN (0.5 ml) and TFA (7 ml) was stirred at room temperature for 2 h. The 
30 solution was then concentrated to remove CH3CN, saturated NaHCOa was added to 

» » 

make the mixture basic, the white solid precipitate was filtered, washed with H2O, and 
dried to give the desired product (64 mg). The crude product was dried and 
recrystallized from EtOH / H2O to give another 20 mg desired jproduct as white solid. 
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. MS (M+H^ = 300. HPLCRT = 3.40 niin(^^ ODS column 4.6 x 50 mm, 10- 
90% aqueous methanol over 4 minutes cont^ning ;0.2% phosphoric acid, 4 ml/min, 
monitoring at 220 nni) 

i-^ Example!? 
5 5-Cyiano-3,6-idihydro-4-methyN6<ydohexyl-2-oxo-l-(2H)-py 
.acid, 1-ethyl ester 

: To a solution of the cpnipound of Example 16, Step 2 (30 mg, 0.2 mmol) in THF (1.2 
?ml) was added cyclohexylmagnesium chloride (2 M in ether. 1;0 ml, 2 nmiol) at - 
: 44*'C under argon^ the reaction was slowly warmed -to room temperature, and stirred 

.10 for 10 min, ..Saturated 'NH4CI was added, the resulting mixture was extracted several 

■ . • ' • • .. •. 

. .. * times with EtO Ac, jthe combined organic layer dried, filtered through a silica gel pad, 
■ arid concentrated to give yellow oil. The oil was dissolved in CH2CI2 (2 ml), then 
pyridine (SO jU, 0.9 mmol) and ethyl chloroformate (50 jil, 0.5 mmol) were added, the 
mixture was stirred at room temperature for 30 min, stirred for another 10 min after 

15 which H2O (25 ) and EtOAc were added, and the mixture dried over Na2S04 , 
filtered through a silica gel pad, and concentrated to give yellow oil. The oil was 
dissolved in CH3CN (2 ml), H2O (0.3 ml ) and TFA (0.2 ml) were added, and the 
mixture stirred at room teniperatjurefor 2 h. Saturated NaHCOa solution and EtOAc 
were added, the aqueous layer was separated arid extracted with EtO Ac, and the 

20 combined organic layer was dried over Na2S04, concentrated and chromajtographed 
. . ^ on ^ilica gel to give 35 mg of desired product as yeUpw foam (60%). ;MS (M+H)"^ = 
392. .HPLC RT = 3.6Q nun (YMC S5 ODS coluiim 4.6 x 10-90% aqueous 

methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, monitoring at 
220nm) 

25 " ; ' . • ■ . • ■ ■ ' ; 

Example 18 

5-Cyano-3,6-dihydro-4-methyl-6-phenyl-2H>xo-l-(2fl)*pyrimidinecarboxyU 
acid, 1-ethyI ester 

' To a solution of the compound of Example 16, Step 2 (55 mg, 0.37 mmol) in dry THF 
30 (2 ml) was added phenylmagnesium bromide (2 M in THF, 2 ml, 4 mmol) dropwise at 
-78X under argon. After addition, the reaction was slowly warmed to room 
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temperature and stirred for about 10 min, until starting material disappeared. 
Saturated NH4GI solution and H2O were added, the naixture was extracted with 
EtOAc for two times, and the combined organic layer was dried over Na2S04, 
concentrated and chromatographed on silica gel to give solid intermediate. The solid 
5 was dissolved in CH2CI2 (5 ml), pyridine (0.15 ml, 1.8 nunol) and ethyl chloroformate 
' r: .<0;1 nil, I nunbl) were added, arid the^r^^ 

temperature for 0.5 h. The reaction was quenched with 50 |tl of H2G, diluted with 5 
: nil ofEtOAc, the resulting niixture wiais dried overNa2S04, filtered through silica gel 
column to give the intermediate as. an oil. The oil was dissolved in CH3CN ml), 
10 H2O ;(0,5 ml) and TFA (0.4 ml) were added, the reaction ^mixture stirred for i .5 h, and 
r^concentrated in vacuo. Saturated NaHCOa solution w^^^^ 
i . V mixture, and the precipitaite was then filtered :aridvairdried. iRecrystallization in EtOAc 
hept^meto give 70 mg solid productin 66% )ield. MS :(M+H)* = 286. HPLC RT = 
1.28 min. (Phenom-Pnme S5 CIS 4i6 x 30 nun, .10-90 % aqueous methanol .over 2 

15 , ^ :minutes:Containing 0.1 % TFA, 5 ml/m^ 

' ■ . , - . - •■ . . 

Examples 19 through 24 were prepared using the method of Example 18 with the 
substitution of an appropriate arylmagnesiumhalide. '. ' ' 

i ■ ■ . . ' • ■ r , . .- . 

20'---' ;■ ■'Example ■ 

54Cyano-^3,6-dihydro-4-methyl-^ 
:pyrimidinecarbbxylic ad^ 

MS^H«)^= 300. HPLC RT=1;41^ 10- 
90 %?aquTOus methanol 2 niiriutes cbritainihg 0.1 %-TFA, 5 nil/min, inohitoring 

25 ■■•vaf220.nm) / ^ \' ' ^ . v.. . . 

* 1 

£xampile20 

5-Cyano-3,6-dihydro-4-methyl-6-(3-chlorophenyl)-2-oxo-l-(2H)- 
pyrimidinecarboxylic acid, 

30 MS (M+H)* = 320. HPLC RT = 1.43 min. (Phenom-Prime S5 C18 4.6 x 30 mm, 10- 
90 % aqueous methanol oyer 2 minutes containing 0. 1 % TFA, 5 ml/min, monitoring 
at 220.nm) 
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Example 21 

5-Cyano-3,6-dihydro-4-methyl-6-(3-fluorophenyl)-2-oxo-l.(2H)- 
ipyrimidinecarboxylic acid/ 1-ethyl ester 

MS (M+H)*^^ 304. HPLC RT =1.29 min;;(Phenom"Prime S5 C18 4.6 x 30 mm, 10- 
90 % aqueous methanol over 2 minutes containing 0.1 % TFA. 5 ml/min, monitoring 
: at 220nm) \ - ^ 



5 



Example 22 

5-Cyano-3,6-dihydro-4-methyl-6-(4-chlorophenyl)-2-oxo-l-(2H)- 
10 pyrimidinecarboxylic add, 1-ethyl ester 

MS (M+H)* = 320. HPLC RT = .1.44 min. (Phenom-Prime S5 CIS 4.6 x 30 mm, 10- 
90 % aqueous methanol over .2 minutes containing 0.1 % TFA, 5 ml/min, monitoring 
at220nm) 

«■■..■ ' . • ' ^ . .■ ■ , . ■ s,. i . . • ■ 

. ■} ■ . • ■ ^ 

15 Example 23 

5-Cyano-3,6-dihydr€H4-methyl-6-(4-flu6ro^^ 
pyrimidinei^rboxylic acid, 1-ethyi ester 

MS (M+H)* = 304. HPLC RT = 3 21 mih (YMC S5 ODS column 4.6 x 50 mm, 10- 
90% aqueous methanol over 4 miinutes containing 0.2% phosphoric acid, 4 ml/min, 
20 monitoring at 220 nm) 

* - ■ ■ . . ■ . * . . . 

t 

Example 24 

5-Cyano-3,6-dihydro-4-methyl-6-(2-Ouorophenyl).2-oxo-l-(2H)- 

» 

pyrimidinecarboxylic acid, 1-ethyl ester 

■ 

25 MS:(M+H)* = 304. HPLC RT = 3.05 min (YMC S5 ODS column 4.6 x 50 mm, 10- 
90% aqueous methanol over 4 minutes containing 0.2% phosphoric acid, 4 ml/min, 
. monitoring at 220 nm) 



Example 25 

30 6-(3,5-Bis-trifluoromethylphenyl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H- 
pyrimidine-l-carboxylic acid ethyl ester , 
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A. Step 1 

4- (3y5-Bis-trifluoromethylphenyl)-6-methylr2K>xo4y2,3,4-tetr^^ 

i * * ■ . 

5- carboxylic acid amide. A mixture of 3,5-bis(trifluoromethyl)benzaldehyde (2.42 
,g, 10.0 mmol), acetoacetamide (d.Ol g, 10.0 mmol), urea (0^90 g, 15.0 mmol), copper 

5 chloride (0.1 g.l.Ojnmol),^ 

and THF (20 mL) was heated at 65 °C for 18 h and cooled to rooiri temperature. The 
resulting precipitates were collected by vacuum filtration, washed with THF, and air 

dried to give; the title compound as an off-white solid(l .33 g, 36%). 

. . . ■■ " « . . ■ ■ ■. ■■ - • ■ ■ , • • ■ .• I -. ' . * . • • 

10 B. Step 2.; "' "• ' ■ 

4- (33-Bis-trijnu6rdmeihylphenyI)-6-^^ 

5- carb6niirile. To a mixture of compounii from Step i.(i.i() g; 3.6 mmol) and 
pyridine (12 niL) at 0 °C was added trifluoroacetic anhydride (1.3 mL, 9.0 nunol) 
slowly over 10 min. The reaction mixture became a clear brown solution and was 

15 Stirred for 18 h, then poured into water. The resulting off-whiteprecipitates were 
collected by vacuum filtration, washed w;ith water, and air dried to gi ve the title 
. compound as a light brown solid (1.06 g, 100%)^ 

■ * ' ' ' . - 

. I •- • . _ . . • ■ ■ - . - - . • ■ . 

C Step 3 

20 6-(395>Bi54riflu6romethyIpheny0-5<yano-4-methyl-2:OXo-3,6-dihydr^ 

pyrimidine-l-carboxylic acid ethyl esten To a soludon of compound from Step 2 
(60.0 mg, 0.17 nimol) in THF (2 mL) chilled to -78 °C was added LDA (0.15 mL,0.30 
mmoi, 2.6 M iri hexanes). The resulting mixture was. stirred at -78 ?for 15 min, 
wanqed to t25 ?C for 15 nain, recodled to -78 and ethyl cMorofonnate (20 jiL, 0.20 

25 mmol) was added via a syringe. The reaction mixture was stirred -at -78 **C for 15 

min, gradually wanned to room temperature and stirred for 1 h, quenched with MeOH 
and concentrated in vacuo. The residue was purified by preparative HPLC 
(methanol/water); product fractions were combined and concentrated in vacuo to 
afford the^tiUe compound as an off-white solid (28.4 mg, 40%). 

30 'H-NMR (DMS0-d6, 400 MHz): 5 10.64 (s, 1 H), 8.19 (s, 1 H). 7.93 (s, 2 H), 6. 15 (s, 
1 H), 4.17 (m, 2 H), 2.10 (s, 3 H). 1.17 (t. 3 H. 7 = 7.0 Hz). LC/MS (ES+) 444 
(M+Na)*. - . 
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. . Exampie26 

6-Butyl-5^cyano4-methyl-2-oxo-3,6-dihydro-2H^pyFimid^ 
ethyl ester 



A. .Step ;1 

4-Hexyl-6-methyI-2-oxo-l^^,4-tetrahydropyrinudine-5-car 
Polyphosphate ester (1.15 g, 3.89 mmol, 0.30 eq) was added to a sealed tube . 

* . • 

. containing a solution of urea (1.17 g, 19.4 mmol), valeraldehyde (1.38 ml, 12.9 mmol) 
10 and acetoacetamide (1.3Lg, 12.9^nMnol) in^l^ (15 niL) under argon and heated at 
75*^Cvfor three hours.. The. reaction* mixture wasxooled to room temperature, 
polyphosphate ester;(8:80 ?g^ 29.8 mmol) was added and the reaction mixture was 
. ; t heated,at 85°C for four hours, 33)e reaction mixture was cooled to room temperature 
and poured on ice. The aqueous solution was neutralized with IN NaOH and 
15 extracted with chloroform (3X100 niL). The combined organic 'layers were dried 
. - (Na2S04),ffltered and concentrated under vacuuni to give the ti^ 
;g. 97%): IffiMS 192.1143 (M-^)". The^^^ 

* * * 

furtherpurilfication. . , v , 

20 B. Step 2 ■ V ^ . ' '•■ 

; 6rButyl-5-cyano^-methyt2-oxo-3,6-dihydro-2H-^py rimidine-l^arboxylic add 
ethylester. 1J)A (0.585 mLrl.17 mmol, 2.0 M in hexane) was added dropwiset 
solution of conipound from Step 1 (0.150 g, 0.777 mmol) in THF (5mL) at -78'^C. 
The reaction mixture was stored at -78*'C for twenty niinutes and ethyl chloroformate 

25 (O. IM mL, i.l7 mmol) was added in one portion. The reaction mixture was allowed 

- ' ♦ 

to wanii to room temperature and was stirred for sixteen hours. The reaction mixture 
was quenched with saturated ammonium chloride (35 ml) and the solution was 
extracted with chloroform (3X1 00 ml). The combined organic layers were dried 
(Na2S04), filtered and concentrated under vacuum. The residue was purified by flash 
30 chromatography (eluting 2/1 ethyl acetate/hexanes) to afford the title compound 
(0.110 g, 53%) as a solid. 
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• • . 

iH-NMR (DMSO-dfi, 400 MHz): 8 0.86 (t, 3 H. J = 6.79), 1.21-1:33 (m, 7H), 1.54- 
1.65 (m, 2H), 2.04 (s. 3H). 4.17-4.23 (m, 2H), 4.68 (t, IH, J = 6.42), 10.33 (s, IH). 

MS 264 (M-H)-. Wms 266. 1506 (M+*I)^ " 

5 Example 27 

5-Cyano-4-methyl-6-(3-nitrophehyl)-2-oxo-396-dihydro«2H*pyrimi 
carboxylic acid methylainide 

10 5-Cyano-4-methyl-6-(3-nitrophehyl)-2-bxo-3,^^ 
carboxylic add 4-nitrQphenyl ester. * T^^ 

4plienyl)-2-oxo-l ,2,3,4-tetrahydr6-pyriinidine-5-carbomtrik^^ g, 1 J mmol, 

' ' ' • t 

:, prepared by ;th^ method 
mL) at r78 X was added IBA (1.25 mL, 2:5 mmol, 2.0 M in hexanes). The resulting 
15 mixture was stirred at -78 **C for 15 noin, warmed to -25 ®C for 15 niin, recopled to - 

: :78 **C:and 4-nitrophenyl chloroformatei(0:505g,^^ 
The reaction mixture was stirred at -78 X for I5>niin, gradually warmed to room 
temperature, quenched with water and extracted with ethyl acetate. The organic 
extract was washed with brine, dried (MgS04) and concentrated in vacuo. The 
.20 residue was purified by flash column chromatography on silica gel using 50% to 70% 

• ethyl acetate-hexane as eluant to give the title compound as a light yellow solid (0.38 

•;■ g,v53%).^...-. ■ . 

■ v .Si' Step 2 ; . . . . / ■ ■^f 

25 5-Cyano-4-metliyI-6-(3-nitrophenyl)-2-^xo-3y6Hlili^^ 

. carboxylic add methylamide. To a solution of compound from Step J (12.5 mg, 
O,03 mmol)in THF (l niL) was added methylaniine '(4.1 uL* 0;033 mmol, 8 M in 
EtOH). ; The reaction mixture was stirred for 2 ;h and concentrated in vacuo. The 
residue was purified by preparative HPLC (methanol/water). Product fractions were 

30 combined, concentrated in vacuo and lyophilized to give the title compound as a 
colorless solid (8.2 mg, 87%). 
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*H-NMR (MeOH-d4, 400 MHz): 5 8:22 (m, 1 H), 8.17 (t, 1 H, J = 1.8 Hz), 7.76 (m. 1 
H), 7.65 (t. 1 H. J = 7.9 Hz), 6.30 (s, 1 H), 2.«2 (s, 3 H). 2.18 (s. 3 H): LcVMS (ES+) 
338 (M+Naf. 

... « . . . ■ ■ . , I . . 

5 Exainple28 - - 

; 5'^Cyano-4-meihyI-2-oxo-6-phenyl-3,6-dihydro-2H-^^ acid 
ethylamide. To a solution 6-Methyl-2-oxo-4-phenyl-li2,3,4-teh-ahydropyi^ 
carbonitrile (100 mg, 0.47 mmole, obtained in 65 % yield by the procedure described 
in Example 26, Step 1) in 4 mL of tetrahydrofuran under argon at room temperature 
1 0 was added oil free sodium hydride (17 mg, 0.70 mmole). After stirring for ten 

minutes, ethyl isocyanate (50 mg, 0.70 mmole) was added. The reaction mixture was 

■ ' * « 

, diluted with ethyl acetate and washed with dilute citric acid, water and saturated 
• brine. The dried (anhydrous magnesium sulfate) organic extract was concentrated m 
vacuo and the product purified by flash chromatography on silica gel, eluting with 
15 Methyl acetate/hexanes (3:2) to give 100 mg (75 %) jof title compound as a white solid. 
^H-NMR (DMS0-d6, 400 MHz) 5 10.51 (br s, 1 H); 8.79 (t;; J = 5>t Hz; 1 H); 7.22- 
7.48 (m. 5 H);6X)9 (s, 1 H); 3,10-i3.25 Jm, 2 H);:2.08 (s, 3 H); 1;03 (t, J = 7.2 Hz, 3 
fl). LOMS (ES+) 285 (M+H)^ 

5-Cyano-6-(3^-dichlorophenyl)-4-methyl-2-oxoO,6-dihydrp-2Hrpyrimidine-l- 
icarboxylic acid 2-methoxy-ethyl ester ^ ^ 

Using 3.5-dichlorobenzaldehyde and foUowing the procedure described in Example 2, 

■ • . . » 

. ^:the tide compound was obtained in 3 % overall yield. - . ' • 
25 !H-NMR (DMSO-d<5, 500 MHz): i5 10.59 (s, 1 H). 7.66 (t, 1 H, J = 1.6 Hz). 7.31 (d. 2 
H, J = 1.6 Hz), 5.90 (s, 1 H), 4.26'(m, 2 H), 3.54 (m. 2 H), 3.25 (s, 3 H), 2.11 (s, 3 H). 
LC/MS (ES+) 384 (M+H)*. 
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Example 30 . . 

: . 5-Cyano^-methyI-2-pxo-6*(3-trifluoromethylphenyl)-3,6-dih^ 
pyrimidine-l-carboxy lie acid ethylamide 

Using 3-trifluoromethylbenzaidehyde and following a modification of the procedure 
5 described in Example 2, the title compound was obtained in 3 % overall yield. 

, ?H^MR .(CDGI3, 4G0 MEJz): 6 8:68 (s, 1 H), 7;60 (m, 2iH). 7;53 (m; 2 H), 637 (s, 1 
. e), 3.30. (m, 2 H), 2.08 (s, 3 H), 1.17 (t, 3 H, J 7:0 Hz).: LGyMS:(ES+) 353 (M+H)^ 
\ ;v 375<M+Na)*. ,: • . • ■ .. 1 J 

10 . V • ' '/ "£xainple.3L v 

:5-£yano-6.(3^HdichlorQphenyl>4-metbyI-2-oxo-^^^^ 
carboxylic acid ethylamide V : : « : v . * 

, rising 3v5-diclJo 

described in ^Example 2, ithe title compound was obtained in 5 ;% overall ^eld. . 
15 ; 'H-NMR 0MSO-d«, 4001^): 6 10.56 (s/l^H^^^ J = 5.3 iHz), 7.63 (t, 1 

, «v J = 1.8:Hz), 7.27 (d, 2 H, J = 1.8 Hz ), 6.10 (si HH), 3.16'(m, 2M), 2.09 (s, 3 H), 
1.03 (t/3 H, J - 7.0 Hz). IXTMS (ES+) 353 (M+H)^^^ 

Example 32 

20 3-Butyi7l-4-(3^.dichlorophenyl)-6-methyl-2-oxo-l,2^^^^ 

..^S-carbpnitrile:.; - '■ ..u':' - ^ 

Using 3,5-dichlorobenzaldehyde and following the proceiSure described in Example 2, 
, the dtle conippund wa^^ 

'H-NMR 0MSO-d6. 500 MHz): 8 10.63 (s, i H), 7.63 (t, HH, J.= 1;6 Hz), 7.26 (d, 2 
25 >H, J = 1.6 Hz ), 6.04 (s. 1 H), 2.95 (m. 1 H). 2.74 (m, 1 H), 1,54 (m, 2 H), 2.11 (s, 3 
. H),0.86(t,3«.J = 7.1 Hz). .^ >. 

- 

Example 33 

5-Cyano-4-methyl-2-oxo-6-(3*trifluoromethyIphenyI)-3,6-dihydro-2H* 
30 pyrimidine-l-carboxylic acid (2-dimethyIamino-ethyl)-amide 

Using 3-trifluoromethylbenzaldehyde and following the procedure described in 
Example 2, the title compound was obtained in 8 % overall yield. 
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• s ■ 

t • 

*H-NMR (MeOH-d4. 400 MHz): 5 7.64 (m. 1 H), 7.59 (ra, 3 H), 6.25 (s, 1 H), 3.43 
(m; 1 H),3.38 (m, 1«), 2^56 (t, 1«, J = 6.2 Hz), 2.32 (s, 6«); 2.15 (d, 3 H, J = 0.9 
Hz); LC/MS (ES+) 396 (M+H)^ r . 

5 : £xainple 34 

5^Cyano-4-methyI-2-oxo-6-(3-trifluoromethyiphenyl)-3,^^ 
ipyrimidinevl-carbothioic add S-ethyl^^ 

Using 3-trifluoromethylbehzaldehyde and following a modification of the procedure 
described in Example 2, the title compound was obtained in 3 % overall yield. 

■ • , • 

iO 'H-NMR(CDCl3. 400 MHz): 5 8.21i(s, 1 H), 7.61 (m, 1 H), 7.52 (m, 3 H). 6.24 (s. 1 
. H); 2;87 (m, 2 k), 2.26 (d, 3 H. J =^Gi9 Hz), i;26 (t, 3 H. J = 7.!5 Hz). hCMS (ES+) 
392 (M+Na)*. ' . /. . 

' ' ■ . ■ : • • ■ ■ ■ ' • 

■ ""'iixahiple 35 • ■ 

15 5-Cyan6-4-methyl-2Tpxo-6-(34rifluoromeihylpheny0 
^ : : pyrimidine^l-caiVbdxyUc add 

Using 3-trifluorpmethylbenzaldehyde and following a modification of the procedure 
described in Example 2. die title conapound was obtained in 1 5 % overall yield. 
'H-NMR (MeOH-y4, 400 *|!Hz): 6=7.63 (m, 1 H), 7.58 (m, 3 H),6:25 (s, I H), 3.58 
20 (m,2 H),3.35 (m,2H),2.15 (s.3H). LCMS (ES+) 369^+H)*.' 
Example 36 

4-(3^-Dichlorophenyl)-6-methyl-2-oxo-3-(thiophene-2-carbonyI)-l 
teti^ydropyrimidine-5-carbom 

25 Using 3,5-dichlorobenzaldehyde and following the prbcddure described in Example 2, 

the title conipound was obtained in 5 % overall yield 

'H-NMRpMSGMl6,4dd MHz): Sl6;78 (s/l H). 7.96 (d, 1 H, J - 4.8 Hz), 7.72 (d, 1 

• • ■ • . 

H, J = 3.1 Hz), 7.64 (t; 1 H, J = 1.8 Hz), 7.36 (d, 2 H, J = 1.8 Hz), 7.17 (m, 1 H), 5.92 
(s, 1 H), 2.82 (s, 3 H), 2.18 (s, 3 H). LC/MS (ES+) 415 (M+Na)*. 
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^ Example 37 
. ; 5-Cyano-6-(3^-difluorophenyl)-4-methyIr2H)^xo-3,6-dih^ 
carboxyiic acid ethylamide 

Intermediate IX was obtained using 3,S-difluorbbenzaldehyde and following the 
5 procedure described in Example 2. :. The title compound was obtained in 28 % yield 
following the-pipcedureofrExam^ -v.^ n•i;v■^^^ ' : 

'H-NMR (CD3CI, 400 MHz): 5 6.77 (m, 2 H),.6.67. (in, 1 «), 6.21 (s, 1 H), 3.27 (m, 2 
/ H), 2.15 (s, 3 H), 1.12 (t, 3H, J = 10;4 Hz). lXyMS .CES+) 321'.^^ 

\0 . • : Example 38' .•; ■ ^: . ^ * 

:5-CyanoT6-(3y5-difluorQphenyl)-4-inethyI-2-ox^^ 
carboxyiic acid ethyl ester 

Using 3»S-difluorobenzaldehyde and following the procedure described in Example 2, 
the title compound was obtained in 3!6 :% yield for the final two steps. 
15 (CP3C1;400 MHz): 5 8.26 (s, 1 H), 6.83 (m, 2 H); 6.73.(m, 1 H), 5.80 (s, 1 

H). 4.27 (m, 2H), 2.15 (s, 3 ;1.26 (t, 3H, J =:10.4^Hz). sLC^ijlS (ES+) 322 O^+H)*. 

• . - • . ■ • , ^ ■• ' . - 1 •■• v : ."'}^'" '^j - " 

■ • - ' - ■ 

: ■ Example 39 ' ' ^ ■ 

, 4-(3,S-PifluorophenyO-6*methyl-2-oxo-3K^ 
20 tetrahydropyriinidine-5-carbonitrilc . 

• ■ 

Intermediate DC was obtained using 3,S-difluorobenzaldehyde and following the 
procedure described in Example 2. The title compound was obtained in 3f0 % yield 

followihgtheprocedure of Example 3. . . 

*H-NMR(CPiOD, 400 MHz): S 7.01 (m. 3 H), 5;62(vl H). 5.48 (s, I. H^^^ 
25 . H), 2.14 (s. 3 H), 1.84 (m, 4), 1.28 (m. 4H). LC/MS (ES+) 361 (M+Hf. 

Example 40 

4-(3,5-Difluorophenyi)-6-methyl-2-oxp-3-(pyrrolidihe-l-carbonyI)-l^ 

•* "-'' . ' ■ * • • ' ' . " '■ '.' ' "' ■ 

tetrahydrppyrimidine-S-carbonitrile 

Intermediate IX was obtained using 3,5-di fluorobenzaldehyde and following the 
30 procedure described in Example 2, The title compound was obtained in 18 % yield 
following the procedure of Example 3. 
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'H-NMR (CD36D, 400 MHz): 8 8.25 (s/l H), 8.24(d- 1 H, J^^^ 

= 7.9 Hz), 7.67 (t. 2 fl, J = 7.9 Hz). 5.77 (s, IH), 2.29-3.30 (m, 4 H). 2.16 (s, 3 H), 

1.77 (m. 4). LC/MS (ES+) 355 (M+H)*. 

5 £xaniple4l 

5-Cyano4-methyl-6-naphthaIen-l-yl-2K>xoO,6-dihydro-2H-pynm 
carjboxylic acid ethyl ester . 

Using naphthalene- 1-carboxaldehyde and following the procedure of Example 25, 
intermediate XXIV was obtained in 44 %. yield and the tide compound was obtained 
10 in 22% yield. ^ . 

. v: ^H-NMR (DMSO-d6. 4G0 MHz):;5 10.57 (s, 1 H), 8.40 (d, 1 H, J = 8.4 Hz). 7.98 (d, 1 * 
H. J = 7,9 Hz), 7.94 (d. 1 H. J = 8.4«z), 7.61 (in, 2«), 7.55 <t, 1 H, J =7.0 Hz), 7.39 

(d, 1 H,J = 7.0Hz), 6.73 (s,l H),4.04 (m,2H).2.05(s.3 H), 1.00(t,3 H,J = 7.0 
Hz). LX:MS (ES+) 336 (M+H)* . . 

Example 42 : 

5rCyano-4-methyl-6-naphthalen-l-yi-2-oxo-3,6-dihydro;-2Hrpyrii^ 

■ • * ■ ' ■ ' 

. carboxylicacid ethylamide ^ ^ 

Using naphthalene- 1 -carboxaldehyde and foUowing the procedure of Example 25, 
20. intennediate XXIV. was obtained in 44 % yield. Slhe title cpmpound was obtainedin 
. 67, % jdeid following, the procedure described in Example 28. 

'H-NMR (CDCb, 400 MHz): 8 8.83 (t, 1 H, J = 5.3 Hz), 8.43 (d, 1 H. J = 8.4 Hz), 
7.96 (s, 1 H), 7.84 (m, 2 H), 7.61 (m, I H), 7.52 (t, 1 H, J = 7.0 Hz), 7.42 (t, 1 H,J = 
7.9 Hz), 7.36 (d, 1 H, J = 6.2 Hz), 7rl4<s, 1 H), 3.30 (m, 1 H), 3.21 (m, 1. H), 1.92 (s, 
25 3 H), 1,1 1 (t, 3 H, J = 7.5 Hz). LCVMS (ES+) 335 (M+rf)*, 357 (M+Na)). 

Example 43 

6-(3-Bromophenyl).5-cyano-4.methyl-2-oxo-3,6-dihydro-2H-pyrimidine-l^ 
carboxylic acid ethyl ester 

30 Using 3-bromobenzaldehyde and following the procedure of Example 25, 

intermediate XXIV was obtained in 25 % yield and the title compound was obtained 
in 80 % yield. 
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'H-NMR (CDCl3, 400 MHz): 8 748 (m. 2 H), 7.27 (m/2 H^^ 
. H), 2.22 (s, 3 H), .1.33 (t, 3 H, J = 7.0 -Hz). LCMS (ESf) 364 (M+H)*. 

Example 44 

5 6-(3-Bromophenyl)-5-cyano-4-methylr2-oxoO,6^^ 

carboxyliciadd ethylamide ' • ^ V ^ * ' \ : ^ . ; \ . ; . • 

Using 3-bromdbenzaldehyde and following the procedure of Example 25 ; 
, intermediate XXIV was obtained in 25 %.yield. The title (conipound was obtained in 

88. % yield foUowing the procedure describedin Example ^2^^^ 
10 ^H-NMRXCDCh, 400 MHz): 5 8.65 (t, 1 H, J = 5.3.Hz), 7.91 (s, 1 H), 7.84 (m, 1 H), 
^ - . 7;38 (m;l H), 7.19 (m;2M);6 H),3.24 (m;2 }0;2;iO (s, 3 «X 

=i7iG Hz). 0:/MS (ES+) 363 (M+KQ\ ; . : ; ; 



Example 45 / 

15 5rCyano-4-methyl-2-oxo-6^(2-trifluoromethylphenyl)-3,^^^^ 
pyrimidine^l-carboxylic acid ethyl ester 

Using 2-trifluorpniethylbenzaldehyde and following thcprocedure of Exanaple 25, 
intennediate XXiy was obtained in 43 % yield and the title compound was obtained 
in 30 % yield. ■ ■ ' . . , : , 

20 ^H-NMR (DMSO-d6v4G0 MHz) 5 10^^ (s. 1 H), 7.77 (m. 2 H), 7.58 (t, 1 H. J = 7.5 
Hz), 7.51 (d, 1 H, J =.8.4=Hz), 6.06 (d, 1 H, J = 0.9 Hz), 4.06 (m,2H), 2.05 (d, 3 H, J 
=i0.9 Hz), i;05 .(t, 3 H,;J = 7.0 Hz). LC/MS <ES+) 354 (M+H)X 376 (M+Na)^ 

£xaihple46 

25 5-Cyano"4-methyl-2H>xo-6r(2-trmu6romethylphen^ 
. pyrimidine-l-carboxylic acid ethylamide 

Using 2-trifluoromethylbenzaldehyde and following the procedure of Example 25, 
intermediate XXIV was obtained in 43 % yield. The tide compound was obtained in 
26 % yield following the procedure described in Example 28. 
30 ^H-NMR (MeOH-d4, 400 MHz): 5 9,07 (s, 1 H), 7.69 (d, 1 H, J = 7.9 Hz), 7.64 (d, 1 
H, J = 7.9 Hz), 7.54 (d,l H, J = 7:9 Hz), 7.49 (t, 1 H, J = 7.9 Hz), 6.48 (s. I H). 3.17 
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(m, 2 H), 2. 1 i (s, 3 H), 1 .06 (t, 3 H, J = 7.0 Hz). LCVMS (ES+) 353 (M+Hf, 375 
(M+Na)*. 

* ■ 

Example 47 > 

5 5-Cyano-6-(3-ihethoxycarbonyIphenyl)r4-methyI-2-oxo-3,6-dih^ 
pyriiiudine-l-<^rboxylic acid et^^^ 

Using methyl 3-fonnylben2oate and following the procedure of Example 25, 
intermediate XXIV was obtained in 30 % yield and the title compound was obtained 
in 50;% yield. . n . 

10 'H-NMR (MeOH-d4, 400 MHz): 5 8.02 (m, 2 H), 7.60 (m, 4 H), 7.52'(m, 1 H). 5.93 

(s, l H), 4.28(ni,2 H).3.92(s,3H)^2.18 (s.3H),1.29 (t,3H,J = 7.0 Hz). LC/MS 
(ES+) 344 (M+H)% 366 (M+Na)t -{i. . V . 

£xample48 

15 - 3-(S-GyanoO-ethylcarbamoyi-6-methyl-2^)xo-lA3,^ 
: ^:beiizoic add- methyl ester. 

Using methyl 3-fonnylbenzoate and ifollowing the ^^^^^ 
• t intermediate XXIV was obtained in 30 % yield. I3ie: title compound was obtained in 
40 % yield foUowing the^rocedure described in Exaihp^^ 
20 'H-NMR (MeOH-d4.400 MHz): 58.94(s, l^H^^^ 1 H, J = 7:9 

Hz), 7.40 (t, 1 H. J = 7.9 Hz), 6.15 (s, 1 H), 3.83 (s,3 H), 3.17 (m, 2 H). 2.07 (s, 3 H), 
1.05 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 343 (M+H)\ 365 (M+Na)^. 

Exa[mple49 ; 

25 fiMS-5ill81 6-ButyK5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic add ethylamide 

Using 1 -buteraldehyde and following the procedure of Example 26, intermediate 
' XXIV was obtained in 97 % yield. The title compound was obtained in 55 % yield 
following the procedure described in Example 28. 
30 IH-NMR (DMSO-dfi. 400 MHz): 5 0.85 (t. 3 H, J = 6.7), 1 .07 (t, 3H, J = 7.2), 1 .23- 
1.29 (ni. 4H), 1.44-1.60(01, 2H), 2.05 (s, 3H), 3.17-3.32 (m. 2H), 5.04 (t, IH, J = 6.0), 
8.70(t, IH, J = 5.5), 10.30 (s, IH). MS 263 (M-H)" . 
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Example 50 

6-(3,5-Bis-trinuon)methylphehyl)-5-cyano-4-methyl-^^ 
pyrimidine-l-carboxylic add ethylamide 

5 Using3,5-bis-trifluoit)methlbenzaldehyderandMlGw 

25, intermediate XXIV was obtained in 400^% yield. The title compound was 

♦ 

obtained in 50 % yield following the prociediire described in Example 28. 
'H-NMR (CDCls; 400:MH2):-8 8.68 (t, 1 H; J = 5.3 Hz), 7:86 (s, 1 H). 7.77 ($, 2 H), 
7.48 (s, 1 H), 6.46 (s, 1 H), 3.31 (m, 2 H), 2.24 (s, 3 H), 1.17 (t, 3 H,' j - 7:0 Hz). 
10 . LC^MS (ES+) 421-(M+H)*. • ' ' . - -Sv^ '. ■ ." .. ; ' ' 

Example 51- ' • > v. 
6-(295-Bis-trifluoromethylphenyl)-5<yano-4-inethyl*2-oxo-3,6<lihy^^ ^ 
pyrimidine<l-carboxylic acid ethylamide 
15 IFsing 2;5-bis-tfifluor9methlbenzialdehyde and following-the.procedure of Example 
25, intermediate XXTV was obtained in 25 % yield. The title compound was obtained 

» " ■ * * 

in 38 % yield following die pnx:edure described ^i^^ i 

'H-NMR (MeOHTd,, 400 MHz): 5 7.94 (d, 1 H, J = 8.4 Hz)i 7:84 (d,- 1 H, J = 8.4 Hz), 
7.75 (s, 1 H), 6.50 (s, I H), 3.17 (m. 2 «), 2.12 (d, 3 H, J = 0.9 Hz); 1.05 (t, 3 H, J = 
20 7.0 Hz). LCyMS (ES+)42r (M+H)% 443 (M+^^^^ 

lEKample52 

6-(2^-Bis-trifluoromethyIphenyl)-5-cyano-4-methyl-2^>xo-3,6-dihydro-2H- 
pyrimidine^l-carboxylic acid ethyl ester 

* ' * - * 

25 Using 2,5 -bis-trifluoromethlbehzaldehyde and following the prdceduire :of Example 
25, intermediate XXIV was obtained in 25 % yield and the title compound was 
obtained in 55 %i yield . 

'H-NNffi.(CDCl3, 400 MHz): 8 8.43 (s, 1 H), 7.88 (m, 1 H), 7.76 (m, 2 H), 6.25 (s, 1 
H), 4.23 (q, 2 H, J = 7.0 Hz), 2.22 (s. 3 H). 1.19 (t, 3 H, J = 7;0 Hz). LC/MS (ES+) 

* ► * ► 

30 422 (M+H)*. 
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Example 53 

I 5-Gyano-6-(3re^hylcaFbamoylphenyl}r4-methyl-2-oxo^3,6-^ 
pyrinudine-l-carboxylic add ethylaiiiide 

Starting iwith the product of Example 48, ithe title compound was obtained in 57 % 
5 [. yield toy ester hydrolysis^lithium hydroxide in aqueous methanol) and coupling of the 
resulting carboxyHc acid with ethylaniine (water soluble c^ 

■ hydroxybenzotxiazole in acetonitrile). 

' , -■ . . • ■ _ . ■ . . • . • ■ 

; v 'H-^^V1R (MeOH-cU, 400;MHz); 6 8^^^^ H, J=a.8 Hz),'7.65 (m, 1 

H), 7.38 (m, 2 H), 6.10 (s, 1 H), 3.30 (m, 2 H), 3.13 (m, 2 H), 2.05 (s. 3 H), 1.12 (t, 3 
10 H, J = 7.0 Ffe). 1.01 (t, 3 H, J = 7.0 Hz). LC/MS (ES+) 356 (M+H)*. 

. -v...- . f . ... 
' ' ■ " * ." ■ " • ' ■ . 

/ Example 54 

5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyI-2H>xo-3,6-dihydro-2H-p^^^ 
l-carboxylic add ethy lamide 

15 Using 3-cyano-4-fluorobenzaldehyde and following the procedure of Example 25, 
intermediate XXIV was obtained in 62 % yield. The title compound was obtained in 
5 1 % yield following the procedure descnbed in Example 28. 
;'H-NMR (CDCb, SgOMHz) 5 8.66 (s. 1 H), 7-74 (s. 1 H), 7.65 (m, 1 H). 7.57 (m, 1 
H), 7.22 (t, 1 H. J = 8.2 Hz). 6.32 (s, 1 H). 3.29 (m. 2 H), 2.22 (s, 3 H), 1.16 (t. 3 H. J 

20 = 7.2 Hz). LOMS (ES+) 328 (M+H)*, 350 (M+Na)*. 



Example 55 

5-Cyano-6-(3-cyano-4-fluorophenylH-methyl-2-oxo-3,6-dihydro-2H^ 

l-carboxylic add ethyl ester 

■ ' t ' .* • 

J ■ , • • . . - . . . 

25 Using 3'Cyano-4-£[u6robenzaIdehyde and following the procedure of Example 25, 
intermediate XXIV was obtained in 62 % yield and the title compound was obtained 
in 30% yield. 

'H-NN® (MeOH-d4. 400 MHz): 5 7.71 (m. 2 H), 7.38 (t, 1 H, J = 8.3 Hz), 5.93 (s, 1 
H); 4.32 (m, 2 H), 2.20 (d, 3 H, J = 0.9 Hz), 1.32 (t, 3 H. J = 7.0 Hz). LOMS (ES+) 
30 329 (M+H)*. 
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^Example 56 
S-Cyan6-6-(2^-dimethylpropyI)4-methyl-2-oxo 
carboxylic acid ethylamide - ^ 

Using 2,2-dimethylpropionaldehyde;and following the procedure of Example 26, 
intermediate XXIV was obtained in 57 % yield. -The title coinpound was obtained in 
54 % yield following the procedure described dn^^^^^^ • 

iH-NMR (DMSO-de, 400 MHz): S 0.92 (s, 9H). 1,06 (t, 3H, J = 7.15Hz), 1,43-1.47 

(m;2H). 2.05 (s, 3H),3.21 (m; 2H), 5.20 (m. 1H),«;66 (m, iiH)/10:42 (s, IH). MS 

, • ■ ■• r-r . .... .. ■• * • . ■ . ". 

277 (M-H)-. 



Examples? 
5-Cyano-6-€y€lopn^pyl-4-mettyl-2Hox^^^ 
"'•'add ethyl ^to'--^ ' ' ry -^-■/Z' ■■ ' 

Using cycloprppianecarboxaldehyde and following the procedure of Example 26, 

15 intermediate XXiy was cibtaineid in 83 % yield and the title conipbuhd was obtained 

/■ • • ■ . ' t ■ - ' • .' ' ■ 

: in 36 % yield. ^ ' 

iH-NN® (DMSO-dfi, 400 MHz): 8 d.35-^6.i^5 (m. 4H), 1 ! 10^ llil (m, IH), 1 .23 (t, 3H, 
' j = 7.09'H2);2.05 (s, 3H), 4. 18-4.21 (in, 2 H), 4.33 (d, IH, J = 8. 13 Hz), 10 J6 (s, 
IH). MS 248 (M-H)-. ■ 

■'.-■.■ ••( ■ ■• 

Example 58 ^ 

5-Cyano-6-cydppropyI-4-methyI:2rOxo-3,6-dihydro-2fl-pyri 
acid ethylamide . 

Using cyclopropanecarboxaldehyde and following the procedure of Exanaple 26, 
25 intermediate XXTV was obtained in 83 % yield. The title compound was obtained in 
15 % yield following the procedure described in Example 28. 
IR-NMR (DMSO-de, 400 MHz): 5 0.36-0.5 1 (m. 4H), 1.05-1.09,(m, 4H), 2.06 (s, 
3H), 3.20-3.23 (m, 2 1^, 4.66 (d, IH, J = 8.30 Hz), 8.74 (m, 1H),10.36 (s, IH). MS 

247 (M-H)-. HRMS 247.1195 (M-H)-. 
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' / Example 59 «. . - 

:5-Cyano-6-(2-fluoro-5-trifluoromethyIphenyl)-4.methyl-2-^ 
pyrimidine-l-carboxylic acid ethylamide 

Using 2rfluoro-5-trifluoromethylbenzaldehyde and following the procedure of 
Example 25, intermediate XXIV was obtained in 41 % yield. The title compound was 
obtained in 75 % yield following the procedure described in Example 28. 
'H-N^ni (CDCI3. 400 MHz): 5 8.68 (t, 1 H, J = 4.8 Hz), 7.60 (m, 2 H), 7.37 (s, 1 H), 
7.22 (t, 1 H, J = 9.2 Hz), 6.41 (s, 1 H), .3.30 (m, 1 H), 3.24 (m, 1 H),.2.18 (d, 3 H, J = 
0.9;Hz).a.'14 (t, 3 H, J = 7.0 Hz).-IXyMS 



. '^Example 60 ' ; '^'--^^-r, .. 

* 5-Cyano-6"(2-rfluoro-54rffl 

pyrimldine-l-carboxylic acid ethyl ester ^ ^ . 

Using 2-fluoro-5-trifluorGmethylbenzaldehyde and following 
15 Example 25/'intermediate XXIV was obtained in 41 the title compound 

...was obtained in:38% yield. . ' 

. ^H-NMR (CDCI3, 400 MHz):: 5 8,27 (s, I H), 7.65 (m, ! !©, 7.58 (m, 1 H), 7.25 (t, 1 
. H, J = 9.2Hz), 6.03 (s. 1 H).4.28 (m, 2 H), 2,20 (d, 3 H,.J = 0.9^Hz), 1.29 (t, 3 H. J = 
7.0 Hz). IXIVMS (ES+) 372 (M+H)* 394 (M^ 

20 . . " 

» • . * 

.Example 61 

S-Gyano-6-isopropyl-4-methyl-2K)xo-3,6-dihydro-2H-pyrimidirie^l-^^^^ 
acid ethyl ester 

Using cyclopropanecarboxaldehyde and foUowing the pfixedured^ 
25 intermediate XXIV was obtained in 76 % yield and the title compound was obtained 
in 23% yield. 

iH-NMR (DMSO-d6, 400 MHz): 8 0.88-0.92 (m. 6H), 1.23 (t,3H. J = 7.10 Hz), 1.90- 

1.95 (m,lH)v 2.07 (s.3H)/4.iM.^^ IH, J = 6.82 Hz). 10.37 (s, 

IH). MS: 250 (M-H)". 

30 Example 62 

5-Cyano4-methy]-6-naphthalen-2-yl-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic acid ethyl ester 
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Using naphthalene-2-carboxaldehyde and following the procedure of Example 25, 
intermediate XXIV was obtained in 64 % yield and the title (compound was obtained 
in.39%yield. 

'H-NMR (DMSO-4, 400MH2): « 10 J4 (s. 4 M), 7.^^ 
5 (m, 2 H), 7.44 (d, 1 H, J = «.3 Hz), 5:98 (s, 1 H), 4.18 (q, 2 H, J = 7.0 Hz). 2; 12 (s, 3 
H), 1.20 (t,3«,i =7.0 Hz),\LeM^^^^ 

'•-iExaniple'63 ■ 

5-Cyanor643-(2-hydr6xyethylcarb^ 
1 0 2H-pyrimidine-l-carboxylic acid ethylamide 

Starting with the product of Example 48, the title compound was obtained in 60 % 
' "\ r yield by ester hydrolysis ^(lithium :hydroxi^ and coupling of the 

resulting carboxylic acid| with 2-aminoethaiiol (water soluble carbodiimide^and . 

hydroxybenzotriazole in acetonitrile). ■ , . . • 
-15 'H-t^m CCDCla, 400 MHz); « 8.73 (t, 1 M, J = 5.3 Hz)i«.03 (s, 1 H). 7.75 (t,"l H. J 

= 1.8 Hz), 7.68 (m, IH). 7,51 (d, I H/J - 7.5 Hz), 7.39 (1/1 H,I=7.5.fc^^^ 1 

H, J - 4.8 Hz), 6.29 (s, 1 :H). 3.80 
f (m, i H), 3.22 (m, 1 H), 2.18 (s, 3 H), 1.13 (t, 3 H, J = T.O Hz). IXI/MS (ES+) 372 
(M+H)*, 394 (M+Na)*. ■ . ■ '• ' : . . ; - • 

. : . . • • 

' liExainple64 
5-Cyano-6-(2-metho>^phenyl)-4-methyl-2-<)xo0^6 
carboxylic acid ethyl ester 

Using 2-methoxybenzaldehyde and following the procedure of Example 26, 
25 r intermediate XXIV was obtained in 17 % yield and the title compound was obtained 
in 28% yield. . . 

'H-NMR (400 MHz, CDCI3): 5. 1 .27 (t. J = 7.0 Hz, 3H). 2. 12 (d, J = 0.6Hz, 3H), 3.86 
(s. 3H), 4.25 (m, 2H), 6.04 (s, IH), 6.93 (m, 2H), 7.06 (s, IH), 7.2 (in. IH), 7.33 (m, 
IH). MS 316 (M+H)*. 
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.Example 65 

5- Cyano-6<2-methoxyphenyl)-4-methyl-2-oxo-3^6-dihydro-^^^^^ 
carboxylic acid ethylamide 

p * , 

• ■ . " ' . ' * 

Using 2^methoxybenzaldehyde and following'the procedure of Example 26, 

5 ; > intermediate XXIV was obtained in .17% yield. Using the procedure of Example 27, 
the title compound was obtained in 8 % yield. 

'H-NMR (400 MHz, CDCI3): 5 1.13 (t, J = 7.0 Hz. 3H), 2.1 (s, 3H), 3.25 (m, IH), 
3.33 <m, lH), 3.86 (s, 3H), 6.47 (s, IH), 6.62i(s,:lH), 6.9V(m, 2H)i 7.2 (dd, J 1 = 1. 5 
Hz. J2 = 7.6 Hz, IH), 7.3 (dt. Jl = 1.7 Hz, J2 = 7.2 Hz, IH), 8;7 (bs, IH). MS 315 
10. (M+H)*. 

. ^)Exainpie i56 

6- (2-AUyloxyphenyl)^5-(7ano-4-methyl-2<^xo-3^6-dih^ 
oirboxylic acid ethyl ester - ^ ^ 
Using 2-allyloxybenzaldehyde and following the procedure of Example 26, 

15 . intennediate XXIV was obtained in 33 % yield and the title compound was obtained 
in 43% yield. ' . -a : i.: = ' 

;.' 'H-NMRi(400MHz,:GDCl3): 5l.26 (t, J = 7.0Hi.;3H^ (s.^3H). 4.25 (m, 2H), 4.6 
;(m, 2H), 5;3G(d, J = 10.4 Hz, IH), 5.36 (d, J = 16.0 HzM-O IH), 6.1 (m, IH), 6.9 
(m, 3H), 7.25 (m, 2H). MS 342 (M+H)*. 

20 

■Exaiiiple'.67. 

.6<2-AUylpxyphenyi)-5-cyano-4-methyI-2K>xo-3,6^ihydro-2H-pyrimidi^^^ 
carboxylic acid ethylamide . ^ 

.Using 2-allyloxybenzaldehyde and following the procedure of Example 26, 

25 intermediate XXIV was obtained in 33 % yield. ^Using the procedure of Example 27, 

the title compound was. obtained in :23 % yield. ■ ' 

'H-NMR (400 MHz, CDGI3): 51.12 (t, J = 7.0 Hz, 3H). 2.1 (s, 3H), 3.2 (m, IH), 3.3 
(m, IH), 4.6 (m, 2H), 5.35 (m, 2H), 6.1 (m, IH), 6.38 (s, 4 H), 6.50 (s, IH), 6,9 (m, 
2H), 7.25 (m. 2H), 8.7 (bs, IH). MS 341 (M+H)*. 



wo 02/079149 PCT/US02/09497 

53 

# 

Example 68 

^6-(2-BromophehyI)-5-cyano-4-methyl-2H>xo-3,6-dihydro-2H^ 
carboxylic add ethyl ester 

* • 

Using 2-bromobenzaldehyde and following the procedure of Example 25, 
5 intermediate XXIV was obtained in 50 % yield and the title compound was obtsuned 
in31%yield. ■ ' * ■ : - ; -i.- • 

■ ^H-NMR (400 MHz,CDGl3): 5 1.24 (t, J = 7.2 Hz, 3H), 2.16 (s. 31©, 4.24 (q, J.= 7.1 
:Hz, 2H),i6.33 (s,ili^), 7.20 (m, IH), 7.33 (m; 3H);^.6.{d, J.= 8;0«z, iH).MS 364 

6-(2rBromophenyl)-5-cyano^-methyI-2<K>xp-3^6Hdih^ 
carboxylic acid ethylamide. 

Using 2-bromobenzddehyde and foUow 
15 i . intermediate XXW wias obtaiiied in 50 % yield. The ititle compound was obtained in 
46 % yield following the procedure described in Example 28. 
:H-NMR CMepH-d4, 300 MHz): 8 7.55 (m, 1 M^, :7.3G (m, 2 H); 7. 15 (m. 4;.H), 6.46 
' . (s, 1 H), 3.14 (m, 2 H),-2.04 i(s, 3;i^),-l,04 (t, 3H, J = 7.1 Hz). UmS^(ES^ 364 

20 Example 70 

5-Cyano-6-(3-methoxyphenyl)r4rmethyl-2K)xo-3,6-dihydro-2Hrpyrimidine-l- 
carboxylic acid ethylaiiiide . ^ : 

Using 3-methoxybenzaldehyde and following the procedure of Example 25, 
. intermediate XXIV was obtained in:66 % yield. The title compound -was obtained in 
25 : 62 % yield following the procedure described in Example 28. 

'H-NMR (DMSO-d<>, 500 MHz): 5 10.49 (s, 1 H), 8.79 (t, 1 H, J = 5.5 Hz), 7.32 (t, 1 

H, J = 7.7 Hz),'6.92;(m, 1 H), 6.Sr.(d, 1 H, J = 7.7 Hz), 6.75 (s, 1 H), 6.06 (s, 1 H), 
. 3.74 :(s,3^H), 3;17 (m, 2 H),2.07 (s, 3.H), 1.04 (t, 3 H, J = 7.1 Hz).. LC/MS (ES+) 

315 (M+H^). 

30 
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Example 71 . 

6-(2-BenzyloxyphenyI)-5-cyano-4-methyl-2-4)xo-3^6-dihydro^^^ 
carboxylic acid ethyl ester 

. , Using 2-beiizyloxybenzaldehyde and following the proceduiei of Example 26, 
5 . intermediate XXIV was obtained in 47 S yield and the title compound was obtained 
in54%yield. .... .; : . !.. 

. 'H-NMR (CDCb, 400 MHz): 5 1.25 (t, J = 7.0 Hz, 3H), 1.82 (d, J = 0.9 Hz, 3H), 4.21 
. :(m, 2H), 5^04 (dd, Jl = 10.5 Hz. J2 = 31.2 Hz, 2H), 5.71 (s, IH), 5.84 (s. IH), 6.96 
. (m, ai), 7.30 (m, 2H), 7.45 (m, 5H). MS 392 (M+Hf. , > . . 

• • . < . . . • . • ■ 

•10 . ■ • . V • ■-. • ■ 

. . Example 72 

6-BeiizyIoxymethyl-S-cyano-4-methyl-2*oxo0.6-dihydro-2Hrpyri 
carboxylic acid ethylamide 

. Using 2-ben2yloxyacetal(lehyde and following the procedure of Example 26, 
15 intermediate XXIV was obtained in 45 % yield. The title compound was obtained in 
30 % yield following the procedure described in Example 28. . " 

. ;, ^H-NMR pMSO-de): 6 1.10 (t. 3H, J =s 7:33 Hz), 2.p7.|Cs,_3H). 3.22-3,2<S .(m,.2H), : 
: 3.49-3.52 (m. 2H), 4.51 (s, 2H),.5.2? (m, IH), 7.27-7.34Xm. 5H). 7.90 (br m, IH), 

; 8,75 (br m, IH). MS: 327 (M-H)". HRMS 327vl450 O^-I^". s . . 

20- • . ' - 

Example 73 

6-Benzyl03qrihethyl-5<yanoT4-methyl-2-oxo-3,^^ 
carboxylic acid ethyl ester 
, . Using 2-benzyloxyacetaldehyde and following the procedure of Example 26, : 
25 . intermediate X3Qy was obtained in 45 % yield and the title compound was obtained 
in 80% yield 

iH^NMR (DMSO-dfi): 5 1.28 (t, 3H, J = 7.13), 2.05 (s. 3H), 3.58-3.70 (m, 2H), 4.29- 

4.35 (m, 2H), 4.53 (s, 3H), 4.97-4.99 (m, IH), 7.25-7.35 (rii, 5H). MS: 328 (M-H)-. 
328.1297 HRMS (M-H)\ 
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.Example 74 

. 6-(3-Bromo-4-fluorophenyl)-5-cyano-4-methyI-2-oxb-3^6-dihy^ 
pyrimidine-l-carboxylic acid ethylamide 

Using 3-bipmo-4-flu6iobeQzaldehyde and following the procedure of Example 26, 
S -intamediateXXW was<cibtaiHed'in S>9 % yield. liietide comiwund was obtained iii 
'69 % yield following the procedure described in Example 28. 
'H^NKfii ^MSO-d6, 400MHz): 6 10.55 (s, 1 H), 8.75 (t, 1 H, J = 5.3 Hz), 7.55 (m, 1 
: •H),7.42 (t, I H, J = 8.8 Hz); 7.33 (m, 1 H). 6.10 (s; 1 H),3.16 (m, 2 H),2;09 (s, 3 H), 
1.03 (t, 3 H, J = 7.t) Hz). LC«i4S (ES+) 381 (M+if).^' 
■10 ■. . ■ . ' 

- Example 75 
6-(3-Bit>m6-4-fluorophehyl)-5-<yano-4^methyl-2-^^ 
pyFimidine-l^rbosylic acid cyclopropylamide 

Using 3-brbmo^-flubjr6i3^ following the procedure of Exan^le 26, 

15 ihtennediate'XXIV was obtaiiied in 99 % yield. The title compound was obtained in 
54 % yield following Ithe prdceSured^^ 

'H-Nm CMeOH-d4^ SOia'Mz): ^5 7.46 (m, 1 H), 7.25 ^(m, 1 H)» 7.14 (t? 1 H, J = 8.8 
Hz), 6.04 (s, 1 H), i -54 (m, 1 H), 2:05 (s, 3 H), 0.63 (m, 2 H).i6!42 (m, 1 H), 0.37 (m, 
1 H). LC/M& ^S+) 393 (M4^H V = 

. • "Example 76 

6-(5-'Bromo-!2-fluorophenyl)-5<yano-4-ihetfayl-^^ < 
pyrimidine-l-carboxylic acid ethylamide ^ ^ 

Using S-bromo-2-fluorbbenzaldehyde and following the procedure of Example 26, 
25 intermediate XXIV was obtained in 71 % yield. The title cbnipbund was obtained in 
70 % yield following the procedure described in Example 28. 
'H-hMR (MeOH-d4, 500 MHz): 6 7.50 (m, 1H),7.43 (m, 1 H),7.10(m, 1H), 6.22 
(s, 1 H), 3.22 <m, 2 H), 2. 1 1 (d, 3 H, J = 2.2 Hz), 1 .11 (m,3 H). 
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' Example 77 

r 

6-(5-Bromo-2-fluorophenyl)r5-cyano-4-methyl^2-oxo-3,6Hdih^ 
pyriinidine-l-carboxylic acid cyclopropylamide i 

Using 5-bromo-2^fluorobenzaldehyde and foUowing^die procedure of Example 26, 
intennediate XXIV was obtained in 71 % yield. The title compoiirid was obtained in 
70 % yield following the procedure described in Example 28. 
■H-NMR (MeOH-d4, 500 MHz): .6 7.51 (m, 1 H), 7.44 (m. 1 H), 7.11 (m, 1 H), 6.21 

* * * ' 

(s, 1 H), 2.60 ,(m, 1 H), 2.10 (d. 3>H, J = 1.6 Hz), 0.70 (m, 2'H), 0;51 (m, 1 H), 0.44 

(m, 1 H). : - . 



Example 78 

, :5;Cyano-|5r(39$Tdibrom^ 
carboxylic add ethylamide 

Usmg 3,5-dibromobenzaldehyde.and foUowingthe.pro^ 
15 intermediate jpov was obtained in 46 % yield, llie title cpmptpund was obtained in 
S3 % yield following the .profwdupe described m Examp 

'H-NMR (DMSO-dfi, 400 MHz) 5 10 60 (br s, 1 H); 8.77 i(t, J = 5.4 Hz, 1 H); 7.85 (t, 
J = 1.6 Hz, 1 H); 7.42 (d, J = 1.7 Hz. 2 H); 6.08 (s, 1,H); 3,18-3.26,(m, 2 H); 2.08 (s. 3 
H), 1.03 (t, J = 7.1 Hz. 3 H). LC/MS (ES+) 441 (M+H)*. 

20 

Example 79 

' ' - ■'. . '. . .• /■ - . 

5-Cyano-4-inethyI.6-(3-nitrQphenyl)-2-oxo-3,6-di^^ 

carboxylic acid cyclopropylmethylamide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 
25 XXIV was obtained in 92 % yield. The title compound was obtained in 53 % yield 
following the procedure described in Example 28. , 

'H-NMR (MeOH-d4, 500 MHz): 8 9.15 (s, 1 H), 8,21 (m, 1 H), 8.17 (d, 1 H. J = 1.6 
Hz), 7.76 (d, 1 H. J = 7.7 Hz), 7.66 (t, 1 H, J = 7.7 Hz), 6.29 (s, 1 H), 3.68 (d, 1 H, J = 
7. 1 Hz), 3.09 (m, 2 H), 2. 17 (s, 3 H), 0.98 (m, 1 H), 0.48 (m, 2 H), 0.20 (m, 2 H). 
30 LC/MS (ES+) 356 (M+H*). 
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^ Example 80 

5-Cyano-4-methyl-2-oxo-6-phenethyloxymethyl-3,6-dihydro-2H^^ 
carboxylic acid ethyl ester 

!Using 2-phenethyloxyacetaldehyde and following the procedure of Example 26, 
S . intennediate XXIV was obtained in 38 % yield and the title compound was obtained 
iril8%yield. ^ :. . ;^ . ' . ^ : . > 

IH-NMR (DMS0-d6, 4()0MHz): 1.^ 3H, j = 7.1 Hz), 2.00 (s, 3H), 2:75 (t, 2H, J = 
6.7 Hz), 3.59-3:85 {mi4H),4:i8-4.20 (m, 2H),4:81 (brm, IH), 7.19-7.27 (m, 5H), 

10.26 (s, IH). MS 342 (M-H)". HRMS 342.1458 (M-H)". 

■ ■ * * 

10 

5^Cyaiio-4-niethyl^2^o^ 

add ethylamide . / . ; . / i m > . 

Using 3 -phenylpropionadebyde arid follow 
15 intermediate XXW was obtained 
42 % yield foUowing the piticedure d 

in-NlvlR (DlViSO-d6,'406 ]^z): 1.^^^ 3H, J = 7.1 Hz), 1.80-2.03 (m, 2H), 2-06 (s, 
3H), 2.^1-2.75 (m, 2H), 3.19-3.22 (in, 2H), 5.12 (br m. 1«), 7.18-7.30 (in, 5H), 18.70 

(br m, IH), 10.36 (s, IH). MS 311 (M-H)-. HRMS 31 1.1493 (M-H)-. 

20 

^ ■ - 

Example 82 . 
5-Cyano-4-methyl-2^>xo-(i-thiophen-3-yIO,6-dihydro-2H-^ 
carboxylic acid ethyl ester 

Using thiophene-3-carboxaldehyde and following the procedure of Example 26, 

• • . » , ' ■ • • . .' • ■ t . ' • 

25 . intermediate XXIV was obtained in 50 % yield and the title compound was obtained 
in30%yield. 

'H-NMR (DMSO-dg. 400 MHz): 5 1;23 (t, J = 7.1 Hz, 3H), 2.10 (s, 3H), 4.21 
(m, 2H), 5.87 (s, IH). 7.03 (m, IH). 7.44 (s, IH). 7.60 (m, IH), 10.48 (s, IH). MS 292 
(iES+): 292 (M+H)*. 

30 
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Example 83 

5-Cyano^4*iiiethyl-6-(5-metiiylisoxazol-3-yl)-2-oxo-3,6-dih 
carboxylic acid ethyl ester 

. Using S-methylisoxazole-S-carboxaldehyde and following ithe procedure of Example 
5 26, intermediate. XXIV was obtauned in 27 % yield and the tide compound was 
- : obtained in 67 % yield, : 

*H-NMR (DMSO-d6. 400 MHz): 8 10.52 (s, IH), 6.20 (s, IH), 5,95 (s, IH), 4.21 (q, 

2H,J=7.0Hz),2.40(s,3H),2.05(s.3H),1.22.(t.3H,J^^ 
V H (DMSO-de, 400 MHz): 6170.87, i61;63, 151.86, 150.57, 147.09, 116.44. 99.35, 
10 81.29, 63.08, 49.55, 16.85, 13.68, 1 1.56. MS (ESI), 291 (M+H)\ 



Example 84 

5-Cyano-6-(3^H]imethyllsoxazol-4-yl)-4-methyl-2-^^ 
•pyFimidine-l-(^rboxylic acid ethytester 

15 Using 3,5-dimethylisoxazole-4-carboxaldehyde and following the procedure of 
Example 26, intermediate XXIV was obtained in 74 % yield and the tide compound 
was obtained in 47 % yield. 

^H-NMR (DMSO-d6, 400 MHz): 5 10.56(s, IH), 5.82 (s, lH), 4.15 (q,2H, 
IJz), 2.38XS, 3H), 2. 14 (s. IH), 2.07 (s, 3H), 1.17 (t, 3H, J = 7.0 Hz). '^C-NMR 
20 (DMSp-d6, 400 MHz): 5 167.03, 157.45, 152.17, 147.60, 146.95, 1 16.44, 1 13.45, 
81.58, 62.96,48.58, 16.77, 13.64, 10.50, 9.57. MS (ESI), 305 (M+H)\ 

Example 85 . ^ . ' 

, 5-Gyanor4-inethyl-2-oxoHi-tU^ 
25 carboxylic acid ethyl ester 

Using thiophene-2-carboxaldehyde and following the procedure of Example 26, 
intermediate XXIV was obtained in 4 1 % yield and the tide compound was obtained 
in 58% yield. - ; 

'H-NMR (DMSO-dfi, 400 MHz): 5 1.25 (t, J = 7.1 Hz, 3H). 2.12 (s, 3H), 4.24 
30 (m, 2H),^6.08 (s, IH), 7.02 (m. IH). 7.07 (d. J = 3.4 Hz, IH), 7.56 (m. IH), 10.58 (s, 
IH). MS (ESI) 290 (M-H)-. 

HRMS (ESI) 290.0598 (M-H)-. 
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Example 86 

5-Cyano-4-methyl-6-(3-melhyl(hiophen-2-yl)-2-oxo-3,6-dihyd^^ 
1-carboxylic acid ethylamide . . 

5 Using 3-methylthiophene-2-carbbxaldehyde and following the procedure of Example 
26, intermediate XXIV was obtained in 33 % yield. The tide compound was obtained 
in 17 % yield following the proceduradesciibed in ^Example 28. 

'« NMR (DMSO-d6, 4G0 MHz): 6 1.03 ,(t, J = 7.2 Hz, 3H), 2.05 (s^ 3H^^ 
(m. 2H), 3.33 (s, 3H), 6.41 (s, IH), 6.82 (d. J = 5.1 Hz, IH), 7.35 (d, J = 5.1 Hz, IH), 
10 8.73(t,J = 5.6 Hz, 'lH), ip:62;(s,d^^^^ '. 

MS (ESI). 303 (M-H)-. HRMS (BSD 303.0927 (M-H)-. 

" ' ' ^ ''Example 'S? '". 

5-Cyano-4-methyl-6-(3-methyltliiophen-2^yl)-2^xo-3,6H^ 

15 1-carboxyIic acid ethyl ester 

Using 3-methylthiophene-2K:arbGXaldehyde arid following the procedure of Example 

* . . . ■ * 

26, intermediate XXIV was obtained in 33 % yield and the title compound was 

' obtained in 14 % yield. ' ' 

•H-NMR (DMSO-dfi, 400 MHz): 5 1:20 (t, J = 7.1 Hz, 3H), 2.05 (s, 3H), 3.33 
20 (s, 3H), 4. 17 (q, J = 7' 1 Hz, 2H), 6.14 (s, IH), :6.84 (d, J = 5.1 Hz, IH), 7.38 (d, J = 5. 1 
Hz, IH), 10.61 (s,lH). MS (ESi). 364 (M-H). HRMS (ESI) 304.0746 (M-H)\ 

t 

■* ■ ' * 

Example 88 
5-(^ano^-methyl-6^(2-njiahylthiazol-4-yI)-^^^ 
25 carboxylic acid ethyl ester 

Using 2-^methylthiai£ple-4-carboxaldehyde and following the procedure of Example 
26, intermediate XXIV was obtain^ iii 26 % yield and the title compound was 
obtained in 16 % yield. 

*H-NMR (CDCla, 400 MHz): 5 7.96 (s. IH). 7.11 (s, IH), 5.93 (s, IH), 4.31 (m! 2H), 
30 2.67 (s, 3H), 2.16 (s, 3H), i.32 (t, 3H. J = 6.9 Hz);. '^C-NMR (CDCla, 400 MHz): 5 
168.13, 152.34, 151.77. 149.06, 147.71, 116.31, 115.88, 85.39,64:24,35.87, 19,17, 
17.81. 14.09. MS (ESI) 307 (M+H)*. 
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.Example 89 

6-(4-Bromothiophen-2-yl).5<yano-4.methylT2-oxo-3,6Hlihydro-2H-pyrm 
carboxylic acid ethylamide 

5 Using 4-broinothiQphene-2-carboxaldehyde and following the procedure of Example 
26, intermediate XXIV was obtained in 68 % yield. The title tompbund was obtained 
in 49 % yield following the procedure described in Example 28v'H-^^ 
: 400 MHz): 81^ J = 7;1 Hz. 3H). 2.15 (s, 3H), 3.22 (m, 2H), 6.36 (s, IH), 7.06 
(s; IH), 7.67 (s. IH), 8.68 (t, J = 5.6 Hz, IH), 10.64 (s, IH). MS (ES+) 369 (M+H)-^, 
10 ;HRMS(ESI): 366.9876 (M-Hy. : 

» • • . • f . 

Example 90 

6-(4-Bromothipphen-2-yl)-5-cyanor4-methyl-2-oxo-3,6^1ihydro-2H-py 
. ; carboxylic acid ^thyl ester 

1 5 Using 4-bromothia2ole-2-carboxaIdehyde and following the procedure of Example 
26, intermediate XXIV was obtained in 68 % yield and the dfle compound was 
obtained in 45 % yieId.'H-NMR (DMSOrdc, 400 MHz): S 1;25 (t, J = 7 1 Hz, 3H), 
2.14 (s, 3H), 4.24 (m, 2H), 6.09 (s, IH). 7.10 (s, lH). 7.71 (s, IH), 10.63 (s, IH). MS 
(ESI) 368 [M-H]-. HRMS (ESI) 367.9697 (M-Hy. . . 

. * ' * ' MM 

Example 91 

5-Cyano-4-methyl-2-oxo-6-[2-(4-trifluoromethylphenyl)-thiazoI-4-^^^ 
dihydro-2H-pyrimidine-l-carboxyIic acid ethyl ester 

Using 2-(4-trifluoromethylphenyl)thiaz.ole-4-carboxaldehyde and following the 
25 . procedure of Exaniple 26, intermediate XXIV was obtained in 17 % yield and the title 
compound was obtained in 31 % yield. 

!H-NMR (DMSO-de, 400 MHz): 5 10.53(s, IH), 8.08 (d, 2H, J= 8.2 Hz), 7.89 (d, 
2H,J=8.1Hz),7.78(s, IH), 5;96(s, IH). 4.20 (in,2H), 2.07 (s. 3H). 1.22(t,3H,J = 
7.1 Hz); '^C-NMR (DMSO-D6, 400 MHz): 8 166.18, 154.51, 152.00, 149.60. 142.48. 
30 135i79, 130.05, 129.78, 126.45, 125.96, 124.71, -122.30. 117.75, 116.84, 82.69, 62.83, 
52.82, 16.87, 13.66. MS (ESI), 437 (M+H)*. 
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Example 92 

645K4-Chlorophenyl)-oxazol-4-yl]-5-cyano-4-methyl4-^^ 
pyriinidine-l-carboxyKc acid ethyl ester 

Using 5-(4-Chlorophenyl)pxazole4-carboxa;ldehyde and following the procedure of 
5 V Example 26, intermediate XXIV was obtained in 22 % yield and the title compound 
\ , ; /iwas obtained m 16 % yield, v ^ . . . 

Ih^MR (PMSO-d6v40GMHz): 8 10.48 (s, IH), 8.47 (m, IH), 7.79 (d, 2H, J=8.6 
Hz),>7,64 (d. 2H, J= 8;6Hz), 6:14 (s, IH), 4;01 (q,^; J=: lA Hz), 2.05 (s, 3H), 0.96 

^(t,3H, J = 7.1 Hz); '^CJ^MR^MS04>6, 
10 147.60, 143.20, 133.40, 133.20129.01, 127.58, 125.33, 116:82, «1.25y<62.71, 49.80, ' 
16.80, 13.20. MS (ESI), 387 (MhkH)^ ^ 

6-(2-Bromothiazol-5-yI)-5-cyano-4-methyI-2-oxo-3,6-dihyd 

15 ; caii>oxylic.acid ethyl ester - \ 

Using 2--Bromothiazole-5-carboxaldehyde and following the procedure of Example 
. ' 26, intermediate XXIV was obtained, in 44 % yield and the title compound was 
, ob.tained.in 4.1 % jdeld . . 

'H-NMR (DMSO-dfi, 400 MHz): 510.67 (s, IH), 7.72 (s,1M), 6.15 (s, IH), 4.26 (m, 
20 2H), 2.15 (s, 3H), 1.27 (t, 3H, J = 7.1 Hz); "C-NMR (DMSO-De, 400 ft«iz): 5 

152.49, 151.78, 147.11, 141.99; il40.14, 137.93, 116.70, 82.49, 63:91, 50.06, 17.52, 
14.18. MS (ESI), 371;0 (M+H)VV ". — ; 

' . ' . . . ■ • ■ 

. • . • ■ ■ ..• ; - • • . • - ■ • • . • 

i:xkinple94 

25 5-Cyano-4-methyl-2-oxo-6-(4^phenylthiophen-2-yl)-3^6 
1-carboxylic acid ethylaihide 

iUsing 4rbromothiophehe-2-carboxaldehyde and following the procedure of Example 
. 26. intermediate XXIV was obtained in 68 % yield. The 4-brohiothienyl intermediate 
was converted to 4-phenylthienyl intermediate by the Suzuki reaction in 91 % yield 
30 The title compound was obtained in 33 % yield following the procedure described in 
Exanlple 28. 
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^H^Nm {DMSO-d<j, 400 MHz): 5D1.07 (t, J = 7/1 -te^ 
3.23 (m, 2H), 6.42 (s, IH), 7.30 (t, J = 5.1 Hz, IH), 7.41-7.43 (m, 3H), 7.66-7.68 (m, 
2H), 7.83 (s, IH), 8.7 1 ;(t, J - 5;6 Hz, IH), 10.61 (s. IH). (ESI) 365 (M-H)'. 
'HRMS (ES:0 365.1064(M-H)-. ; , . ; 

' .;:Exainple;95 
6-[5•(4-Chlorophenyl)-fu^an-2-yl]-5-cyano^-met^^^ 
:pyriinidine-l-carbpxylic acid ethylamide 

Using 5-(4-Chlorophenyl)fiiran-2-carbQxaldehyde and following the pnx»dure of 
10 Exampte 26, intermediate XXiy, was. obtained, in 16;% yields .The title compound was 
obtained in 43 % yield foUpwing itheiprocedure described in Exam 

, ;riH:NMR (I?MSG-d6, 4^ 1 07 (t, J = 7.1 Hz, 3H), 2.12 (s, 3H), 3.22 

(m, 2H).;6.27 (s, IH), 6,46 <d, J = 3J4az, 4H), 6;97j(d, J = 3.4:Hz ■ IH), 7.51 (m, 2H), 
4 , 7.63 (m, 2H), ,8.70 (t, J = 5.5 Hz, IH), 10.62 (s, 4H). MS (ES^ 383 (M-H) . HRMS 
15 . (ESI) 383.0913 (M-H)". 

< , J ' . ." ■ 

' =■^. .Example. 96 

5-Cyano-4-methyl-2-oxo-6-(4-trifluoromethyltMa^^ 
pyriinidine-l-carboxylic acid ethyl ester 

20 Using 4-trifluoromethylthiazole-5-carboxaldehyde and following the procedure of 
Exaniple,26,;intennediate was obtained in 63 % yield and ;the title compound 
was obtained in 52 % yield. . - \ ^ , : / 

^H^MR.(DMS0-d6. 400 5 10.84 (s, 1H).5.22 (s. IH), 6;45 (s, IH), 4:i5 (q, 

2H.J=5/7«z),2.06(s,3H),'1.16(t.3H,J==5^^ '^C^^IR {DMSO-Ds, 400 

25 MHz): 6 165.51, 151.90, 149.88, 146.79, 142.70, 138.70, 116.10, «3i68/63.78,' 
: 50.42,17.44, 13.94; MS (ESI) 361 (M+H)*. 

: Example 97 ' 

5-Cyano4-methyl-2-oxo-6-(44rifluoromethylthiazoI-5-yl)-3,6-dihydro-2H- 
30 pyrimidine-l-carboxylic acid ethylamide 
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. ' Using 4-trifluGromethylthiazole-5-carboxaldehyde and fQllowing the procedure of 
Example 26, intermediate XXIV was obtained in:63 % yield. .The title compound was 
. obtained in 59 % yield foUowing the procedure described in 'Exam 
'H-NMR (DMSO^, 400 MHz): 8 10.84 (s, lH), 9;19 (s, lH), 8.69 (m, lH), 6.68(s, 
5 lH),3.15 (m, lH),2.06(s,3H), l;Oi (t,3H,J = 7.0Hz); '^C-NMR (DMSO-dfi, 400 
MHz): 5 155.54, 151.46, 150;25, 149.38, 143.23, 138,70. 115.63, S2.55, 47.93, 
34.83, 16;87, 14.34. MS OES^ 360 (M+^^ > ; 

10 5-Cyano-^-[5-(4-methanesulfohylp^^ 
dihydr6"2H-pyi:1midine4-carbps^ 

Using 5-.(4r methanesuIfonylphenyl)6xazoie-4-ca^ aiid ';f oUowing the 

\ procedure of Example 26, ^intermediate XXIV was obtained in 22 % yield. The tiUe 
compound was obtained in 63 % yield following the procedure described in Exainple 

15 28. ■ . ■ .• ^ ■ 

'H-NMR.(DMF-d7,400 MHz): 5 10.60 (s, IH), 8.96 (t, J =4.8 Hz, IH), 8.62 (s, IH), 
8.25 (d, J = 8.3 Hz, 2H), 8.18\(d, Jl =.8:3 Hz, 2H), 6.67 (s, IH), 3.37 (s, 3H), 3.25 (m, 
2H), 2.2i (s, 3H), ii07 ^t,^ i= 7.4^^ 

20 . - \: ■>s-' - ;JiExaiiiple5)9^' 

^6-[5<4-Chlorophenyl)^)xaz6I-4-yl]-5-(^ano-4-methy 
pyrunidlne-l-carboxyiic acid ethylamide 
■ Using 5-(4-chlorophenyl)6xazpl-4^arbox^dehyde and following ^e^procedure of 
Example 26, intermediate XXiy was obtained.in 40 % yield. The;title compburid was 

25 obtained in 58 % yield following, the procedure described • 

'H-NMR (DMSO-dfi, 400MHz): 8 10.51 (s, IH), 8.78 (m. IH), 8.43 (s, IH), 7.85 (d, 
2H, J=.8.5 Hz), 7.62 (d, 2H, J= 8.5 Hz), 6.38 (s, IH), 3.1 1 (m, 2H), 2.02 (s, 3H), 0.99 
(t, 3H, J = 7.2 Hz). "C-NMR (DMSO-Dfo 400 MHz): 5 152.99, 152.51, 152.11, 
149.30. 143.70, 134.17, a29.52, 128:13, 126.40. 1 17.20, 81.80, 48.09, 35.17, 17.28, 

30 14.95. MS (ESI), 386 (M+H)*. ; . 
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Example 100 

5-Cyano-4-methyi-2-oxo-645-(44rifluoromethy]phenyl)-oxazoI-4-yi]-3v^^ 

» 

dihydro-2H-pyriinidine-l-carboxylic add ethylamide 

Using 5-(4-trifluoroinethylphenyl)oxazole-4-carboxaldehyde and following the 
5 procedure of Exaniple .26, intermediate XXrV was obtained in 31 % yield. The title 
compound was obtained in 52 % yield following the prbcediire described in Example 

. 'H-NMR (DMSO-d«. 4G0 MHz): 6 10.54 (s, IH), 8.78 (m, 1H)» 8:50 (s, lH). 8.06 (d, 
;2H. J=8.1 Hz), 7.91 (dv 2H,.J= 8.1 Hz), 6.46(5, IH), 3,iO<m,i2H), 2.03 (s,3H), 0.99 
10 (t, 3H, J = 7.2 Hz); "C-NMR (DMSO-de, 400 MHz): 8 152.53, 152.31, 151.52, 

149.03, 142.70, 134.96, 130.69, 126:41,125;88; 116-62 ■ 81 'OS, 47:69,34.65, 16.75, 

. M.41;MS(ESii),420.i3:^^«^ . v; 

Example 101 

15 S-Cyano-4-methyl-2-oxo.6-(5-phenyloxazol-4-yl)-3,M% 
carboxylic acid ethylamide 

Catalytic reduction (10 % Pd/C^ ammonium fonnate in refluxirig acetonitrile) of the 
product of Example 99 gave the title compound in 45 %^ y^^^ 
. 'H-M^ (CDei3. 400MHz):S 8.69(m.lH), 7. 
20 IH), 7.00 (s, IH), 6.63 (S.1H). 3.30 (m, 2H), 2.18 (s,3H), 1.13 (t, 3H, J = 7,2 Hz). 
'^CNMR (CDQa; 400 MHz): 5 152.40, 152. 13, 150.25, 146.90, 132.60, 129.50, 
129.12, 126.79, 1 16.57,m93, 48.25, 35.70, 17.87, 14.72; 1^ (ESI), 352.16 

Exaii4>iel02 
25 5-Cyano^-methyI-645K4*nitrophenyi)^xazb^ 

pyrimidine-1-carboxyIic acid ethylamide 
; Using 5-(4-nitrophenyl)oxazole-4-carboxaldehyde and following the procedure of 

Example 26, intermediate XXIV was obtained in 36 % yield. The title compound was 

obtained in 70 % yield following the procedure described in Example 28. 
30 *H-NMR (DMSO-de, 400 MHz): 5 10.56 (s, IH). 8.79 (m, IH), 8.56 (s, IH), 8.38 (m, 

2H). 8. 13 (m, 2H), 6.50 (s, IH). 3. 12 (m, 2H). 2.03 (s, 3H), 0.99 (t, 3H, J = 7.2 Hz). 

•^C-NMR (DMS0-d6. 400 MHz): 5 153.04, 152.37, 151.51, 149.13, 146.97, 136^16, 
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132.85, 126.72, 124.19, 1 16.57, 80.93, 47.87, 34,70, 16.81, 14.45. MS (ES^ 397 

ilxample 103 ; 

5 . '5r(4-Chlorophenyl)-2-(5Tcyano-3-'ethylcarbamoy 
: . ' :tetrahydraipyriimdin-4-yl)Tfuran-3-carb6xylK^^^ 

Using 3-ethoxycarbonyl-5-(4-chlorophenyl)furan-2-carboxaIdehyde and following the 
prof^dure of Example 26, inteiroediate.XXIV^ w The title 

. , compound was obtained in 42 % :yield;;follqwing the procedure described in Example 

'o' 28. ;n K,;../; ■. /y' - 

.. . i 'JH NMR (DMSOrde, :40Q;MHz):- 5 1 ;p2,(t,' J = 7.2 Hz, :3H), 1 :34 (t, J = 7. 1 
Hz. 3H), 2.07 (s, 3H), 3. 16 (m, 2H), 4.30 (m, 2H), 6.85 ;(s,: 4H), 7;34 (s, AH), 7.53 (m, 
2H), 7.65 (m, 2H), 8.67 (t, J = 5.5 Hz, IH), 10.76 (s, IH). MS (ESI) 455 (M-H)'. 
ffilMS (ES^ 455. 1 1 14 (M-H)\ . 

Example 104 : ^ > :; . j 

5:Cyano-4-methyl-2Hoxo-^^^^ 
pyrimidine-l-carbpxyUc acid ethylami^^ : . . 
Using 5-](3-pyridinyl)oxazole-4^c 
20 -Example 2j5,_intennediate XXIV w^ obtained in 62 % yield. The title conapound was 
bbtamed in 41 % yield following the proced 
,JH-NMR pMSO-de, 400 MHz):^ 

(m, IH), 8.50 (s, IH), 8.22 (m, IH), 7.60 (m, IH), (5.40 (s, 2H), 3. 1 2 (m, 2H). 2.04 (s, 
3H), 1.00 (t, 3H, J = 7.2 Hz). -C-I^IMR pMSO-^. 400 MHz): 5 152.76, 152.52. 
25 151.75,149.97, 149.19, v146.73, 1.34.73,133.60.124^^^ 

34.88,16.99, 14.63; MS (ES^,353.18^(M+H)* . , . ■ ; 
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. Example 105 . 

5-Cyano-4.methyI-2-oxo-6.(4:phenyltt^ 
carboxylic acid ethylamide 

' < - 

. Using 4-phenyltliiazole-5--carboxaldehy<de and following the procedure of Example 
26, intermediate XXW was obtained in 70 % yield. The title compound was obtained 
in 27 % yield following the procedure described in Example 28. ^ ^ ^ ^ ^ ^ 
*«-lNlMR (DMS0-d6. 400 MHz): 5 10.70 (s. lH), 9;08<s,lH), 8.71 (m.iH), 7.73 
(2H, 7.47 (m, 3H), 6 '63 (s, IH), 3.12 (m, 2H), 1.99 (s. 3H), 1.00 (t, 3H, J = 7.2 
Hz); '^C-NMR (DMSO.d6- 400 MHz): 6 152.79,151.97, 151.74, 150.61, 148.43, 
133.87,116;12, 83.68, 34.77, 16.69.14.39. MS (ESI) 368.(M+H)^ \ 



15 



20 



25 



^ £xaiiiplel06 
[5-Gyah6-4rmethyl-6-(3-nitrophe 
acetic add tert-butyl ester 

Using 3-nitrobenzaIdehyde and foUowing the prcx^d 

XXIV was obtained in 92 % yield and the title compbund was obtained in 52 % yield. 
'H^NMR (MeOH-d4. 400MHz): (m, 4 H), 8.22<t^m^J=;li8 Hz), 7.76 (m. 1 
H), 7.69 (t. IM, J =,7.9Mz), 7.62(8. 1 H), 531 (s, 1 

3.44 (d- 1 H, J = 17.6 Hz), 2.16 (s, 3 H), 1.42 (s, 9 H). LCMS (E3+) 395 (M+Na)*. 



30 



Examplel07 

S.Cyano.4.methyl-6-(3.nitrophenyl)-2-oxo-3,6-dihy^^^^ 
carboxylic add isbprppylam 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intern 
XXIV was obtained in 92 % yield. The title compound was obtained in 29 % yield 
following the procedure described in Example 27. 

'H-NMR (MeOH^d4, 400 MHz): 5 8.92 (s, 1 H), 8.22 (d, 1 H, J = 8.3 Hz); 8.17 (t, 1 
«, J = 1.8 Hz), 7;74 (d, l/H. J = 6.6 Hz), 7.65 (m, 2 H), 6.31 (s, 1 H), 3.89 (m, 1 H), 
2.19 (s, 3 H), 1.20 (d, 3 H, J = 6.6 Hz), 1.16 (d, 3 H, J = 6.6 Hz). LC/MS (ES+) 344 
(M+H)\ 366 (M+Na)^ 
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Example 108 

5-Cyano-4rmethyl-6-(3-nitropheny l)-2^xo-3,6-dihydro-2H-^^ 
carboxylic acid propy lamide 

' ^Using 3-nitrobenzaldehyde and foUowing the proced^^^^ 
5 ; XXSy was obtained in 92 % yield. The title compound was obtained in 22 % yield 
following the procedure described in Example 27/ : 

^H-NMR (MePH-d4. 400 MHz) 5 9.09 (t, 1 H. J = 5.3 Hz), 8.22 (m, 1 H). 8. 17 (t, 1 H, 
J = 1.8Hz), 7.75 (d, 1 H, J:= 7.9ilz), 7.65Xt, 1 H. J =:7;9 Jlz), 6.30 (s, 1 H),3.33 (m, 
2 H), 2.18 (s, 3 H). 1.54 (m, 2 H), 0.91 (t, 3 H, J = 7.5.-Hz). LOMS (ES+) 344 
Id (M+H)^, 366 (M+Na)^ . : . - ; i 

:Examplel09 
5-Cyano-4-methyl-6<3-nitrophenyl)-2M>xo-3^6-di^^ 
carboxylic acid phenylamide : . ; . 

15 t Using 3-nitrobenzaldehyde and following the jprocedure of Example 26, interrnediate . 
.XXry was ..obtained in 92 % yield/ IThe- title comppund was obtained in 10 % yield . 

' • ■ ■ ' • * . 

following the pnxiedure described in Examp^^^^ 

, 'H-NMR (MeOH-d4..400 MHz): S 11.18 (s, i H)i 8.23 (m, 2 H),7.81 (d, 1 H, J = 7.9 
. - Hz), 7.65 (m, 1 H), 7.44 (m. 2 H), 7.3 1 (t, 2 H, J - 8.3 Hz), 7.1 1 (t, 1 H, J = 8.3 Hz), 

' • • • ■ 

20' 6.40(s,lH),2.23 (s,3 H). LC/MS(ES+)378 (M+H)*.4()0(M+Na)*. 

: ExamplcilO , 

5-Cyano-4-methyI-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic acid thiazoi-2-ylamide 
25 Using 3-nitrob.enzaldehyde and ifoUowing the procedure of Example 26, intermediate 
XXrV was obtained'in 92 % yield. The title compound vyas obtained in 33 % yield 
following the procedure described, in Example 27. . 

'H-NMR (MeOH-d4. 400 MHz): ,68.23 (m,2 H)„7.80.(d, 1 H. J = 7.5 Hz), 7.64 (t, 1 
H. J = 7.5 Hz), 7.42 (d, 1 H, J = 4.0 Hz), 7.03 (d, 1 H, J = 4.0 Hz), 6.36 (s, 1 H), 2.24 
30 (d, 3 H, J = 0.9 Hz). LC/MS (ES+) 385 (M+H)*, 407 (M+Na)*. . 
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Example 111 

5-Cyano-4-methyl-6-(3-nitrqphenyl)-2-oxo-3,6Hlihydro-2H-pyrimidi^ 

. - - 

carboxylic acid (2,292-trifluoro-ethyl)-aihide : 

. Using 3rnitrobenzaldehyde and following the procedure of Exaniple26, intemiediate 
5 XXIV was obtained in 92 % yield. The title compound was obtained in 25 % yield 
; vfollo wing theprocedure described in Example 27. 
'H-NMR(DMS0-d6, 5(K) MHz): 8.10.77 (s, 1 H), 9.23 (t,l H, J = 6.0 Hz), 8.21 (m, 1 
H), 8.09 (s, 1 H), 7.75 (m. 2 H). 6.26 (s, 1 H), 4.01:(m, 2 H). 2.10 (s, 3 H). 

10 Example 112 

5-Cyano«4rmethyl-6-(3rnitrophenyI)-2-6xoH-3^6rdi^^ 
carboxylic add cydopropylamide 

; . Using 3-nitrobenzaldehyde and following the procjedure of intermediate 
. XXiy was. obtained in 92 % yieldi The title compound was obtained in 19 % yield 
15 following the procedure described in Example 27. .. 

. : 'H-NN«l- (DMS0-d6, 500 MHz): S 10.62 (s, 1 H),«.58 (s, 1 H), 8.21 (m, 1 H), 8.07 

(d. I H, J =1.6 Hz), 7.73 (m, 2 a), 6.22 (s, 1 fl), 2.62 (m,l jH), 2.09 (s, 3 «), 0.64 (m, 
2 H), 0.46 (m. 2 H). . . : . ' • . ..=. .. 

20 . Example 113 

5-Cyano-4-methyl-6-(3-iutrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic add (2-hydroxy*ethyl)-amide 

Using 3-nitrobenzaldehyde and following the procedure of Example 26, intermediate 
XXIV was obtained in 92 % yield. The title compound was obtained in 23 % yield 
25 following the procedure described in Example 27. 

^H-NMR (CDCI3, 500 MHz): 6 8.93 (s, 1 H), 8.15 (d. 1 H, J = 7.9 Hz), 8.07 (s, 1 H). 
7,68 (d, 1 H. J = 7.9 Hz), 7.51 (t, 1 H, J = 7.9 Hz), 6.86 (s, 1 H), 6.30 (s, 1 H). 3.6? 
(m. 2 H), 3.43 (m, 1 H), 3.36 (m, 1 H), 2.18 (s, 3 H). LOMS (ES+) 346 (M+H)*. 
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Example 114 
3-(4^-DihydrooxazoN2-yl)-6-methyl-4-(3 

.tetrahydrapyrimidine-S-carbonitrile^^:^^^^^^ ^^^^ ^/ ^ ^^^^^^ 

5 • ;?tetrahydK)furan)dn71 %yield. • ■ ^ . ; v 

; ^H-lW(MeOH^;400MHz)::58.1 iM. J = 7.9 Hz), 7.56 (t, 1 

H, J = 7.9 Hz),;6.19 (s. ^ M),4.04 (m, 2 H), 3:50 (m^^ 3.39 (in,d H), 2:06 (s, 3 
H). IXiVMS (ES+) 328 (M+H)^. ; . . i ^ - . : 

5-Cyano^-methyK6-(3^iiitr<^^^^ 
'-carboxyliC'acid:alIylami^^^ / ^v;/.^-* -^'f.-'): 

;>ir feiUsing S-nitrotenzalde^^ 

1 ■ XXIV was bbt^^ obtained in 36 % yield 

15 . Mlowing theprocedure described^ i^^^ 

; : i^e),8.G8 ,(s, I M), 7.74 (m, 2 iH), 6.24 (s, 1 H), 5.81 (m, 1 H), 5;07 (in, 2 M), 3.78 (m, 2 
:H)i 2.10 (s, 3 H). LCVMS (ES+) 342 (M+H)^ 364 (M+N^ 
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Claims 



What is claimed is: 

1. A compound of formula I 




1. . 

its enintibmefs, diasteraomers, pharmac^utically acceptkbles£dts; prodrugs iand 
. solvates therebf,'wheitiii ■ ' ' ^ v 

10 Ri is selected from tbe group consisting of hydrogen, alkyl and cycloalkyl; 

. Ri and R3 are each indep^^ 
alkyl, aryl, heteroaryl. arylailkyl, cyclbalkyl/heterocycloalkyl, cycloalkylalkyi, 
heterocycloalkylalkyl arid heteroarylalkyl; or 

R2 and R3 may' also be taken together to form a ci-bdcyciic or heteriDcyclic 

15- ring;- - • :-. '■ ■ ■ ' r - r ^ _\' ^-^ 

'R4 is selected from the group consisting of alkyl, aiylallcyl, cycloalkylalkyl, 
heteroarylalkyl, heterocycloalkyl, aminoalkyl, hesterocycloalkylalkyl, GN, C(0)R5, 
CO2R5 , C(0)SR5 and COlSTRsRe; 

R5 and R^ are each independently selected from the group consisting bf H, 
20 alkyl. cycloalkyl, hydroxyalkyl, alkenyl.alkoxy, thioalkoxy, alkoxyalkyl, haloalkyl, 
aryl; heteroaryl. arylalkyl, cycloa^^ heteroarylalkyl arid heterocycloalkyialkyl 
or N-R5R6 together fonn^ateterobyclpailkyl ' . ' 

Z is selected from the group consisting of O, S and NRg; 

Rg is selected from the group consisting of H; CN, sulfonamido, OR7, alkyl, 
25 cycloalkyl, aryl, arylalkyl, heterocyclyl, heteroaryl arid heteroarylalkyl; and 

R7 is selected from the group consisting of H. alkyl, arylalkyl, cycloalkylalkyl, 
heterocycloalkylalkyl and heteroarylalkyl. - 

* ■ * * 

2. The compound of claim 1 wherein R2 is heteroaryl. 
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3. The compound of claim 2 wherein R3 is H and R2 is an optionally substituted 
thiophene, oxazdle, isoxazole, or furan. 

« 

4. The conipound of claim 2 wherein said heteroaryl is substituted \yith methyl, 
5 ethyl, halo, haloalkyl, or aryl. 

• '. ' ■ ■ = ' • 

5. The compound of claim 1 wherein R3 is H and R2 is a substituted phenyl 

6. The compound of claim 5 wherein said phenyl is substituted with alkyl, 
10 alkoxy, alkoxyalkyl, cyanp, halo, haloalkyl, -nitro,;aiiiino CP2R5 , CONR5R6, 

: alkenyloxy. aryloxy, wherein R5 and Rfi are, independently, H - . 

* . ■ • . - 

7. - The compound} of claim 6 wherein said ;phenyl is substituted with methyl. 

methojcy, F, CI, CF3, dimethylanaimo, or^ ^et^^^ 

8. . The comppuiid of claim 1 wherein Ri. is alkyl; 

consisting of aryl and heteroaryl; R3 is H; R4 is sdected from the group consisting of 

• » . • ■ ■ . . . . ■ . . 

r alkyl, arylalkyL GOiRs. arid.CONRsRe; Rs.and .1^ are jndependently.selected fiom the 
'group consisting of H, :alkyl, aminoalkyl, hydroxyalkyl, phenylamino.and.arylalkyl; Z 
20 is selected from the group consisting of O, S, and NRg; Rg is selected from the jgroup 
-consisting of H and CN. 

^ i ■ ' - ■ ' ■ 

. .. .9. . The compound of claim l,^yhe^eiB R4 i^^^^^^ 

of alkyl/ai7lalkyl/C(0)R5 CO2R5, C(0)SRyiand CON^^ 

f ' * • ,.5, • ^' • . ■ \ * * * ' . • 

T • ' • ? I 

. 10. The compound of claim 1 wherein R4 is GO2R5 ; Z is O; and R5 is ethyl. 

. • . •• ■ ■ • -■ ■ ■■ •. 

11.., The compound of claim 1 wherein R4 is .CONR5R6; Z is O; R5 is H and R^ is 

methyl, ethyl, propyl, phenyl, cyclopropyl, hydrpxyethyl, thiophene, or 2-propylene. . 
30 

12. The compound of claim 1 wherein R4 is selected from the group consisting 
of alkyl and arylalkyl, and Z is O. 
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13. The compound of claim 1 wherein R| is CH3; R2 is ary\; R4 is GO2R5; R5 is 
alkyl; and Z is O. , 

14. The compound of claim 1 wherein Rj is GH3; R2 is aryl; R4 is GONRsR^; R5 is 
5 alkyl; Re is H and Z is O. 

<. ' * ■ 

■ 15. The compound of claim 1 wherein Riis CH3; Riis heteroaryl; R4 is CO2R5 or 
CONR5R6 : R6 is H and R5 is ethyl. 

■ , - . . 1 • * t- " ■ = ' .- « . v • ■ . ■ 

10 16. A compound selected from the group consisting of: 
5-^yano-3,6-dihydro-4-methyl-6-(3-nitropheny 
. pyrimidinecarbpxylic acid, 1 -ethyl ester; ^ . : ^ . 

5-cyano-3 ,6-dihydro-4-methyl-6-:(3-:hitrophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxylic 
acid, 1-ethyl ester; ;: . / . 

1 5 5-cyano-3 ,6-dihydro-4-methyl-!S-(3-nitrophenyl)-2-oxo- 1 -(2H)-pyrimidinecarboxylic 
acid, 1-ethyl amide; r , « • . 

5-cyano-3,6-dihydro-4-methyl-6-(3 -nitrophenyl)-2-oxo- 1 -( 1 -oxobutyl)-(2H^ 
pyrimidine; ^ 

5-cyano-3,6-dihydrb-4-methyl-6-(3-aminophenyl)-2-oxo-l-(2H)- 

20 pyrimidiriecafboxylic acid, 1-ethyl ester; 5-cyanoO,6-d^^^ 

I . ■ • ■ ... 

aminophenyl)-2-oxo-lK2H)-p3a'iniidinecarlx)xylic acid, Uethyl ester; 
5-cyano-3,6-dihydro-4-methyl-6-(3-(N,N-dimethyl)anunophenyl)-2-oxo- 1 -(2H)- 
pyrimidinecarboxyiic^acid, 1-ethyl ester; 

5^yano-3,6-dihydro-4-methyl-6-(3-trifluoromethylphenyl)-^2-oxo- 1 -(2H)- 

25 :^pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-melhyl-6-(2,3-dichlorophenyl)-2-oxo- 1 -(2H)- 
pyrimidihecarboxylic acid, 1-ethyl ester; 5-cyan6-3-6-dihydro-4-methyI-6-(3- 
methoxyphenyl)-2-oxo-l-(2H)-pyrimidinecarboxylic acid, 1-ethyl ester; 
5-cyancH3,6-dihydro-4-methyl-6-(3,5-dichloroph'enyl)-2-oxo- 1-(2H^ 

30 pyrimidinecarboxylic acid, 1-ethyl ester; 5-cyano-3,6-dihydro-4-methyl-6-(3,4- 
dichlorophenyl)-2-oxo-l-(2H)-pyrimidinecarboxylic acid, 1-ethyl ester; 
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5-cyano-3,6-dihydro-4-metbyl-6-(3-cyanophenyl)-2-oxo-l-(2H)^ 
pyrimidinecarboxylic acid, 1 -ethyl ester; 

5-cyano-3,6-dihydro-4-inethyl-6-(4-methoxyphenyl)-2-oxo-l-(2H)- 
. ,L pyrimidinecarboxyUc acid, 1 -ethyl ester; = / 

5 5-<:yano-3,6-dihydro-4-methyl-6-(4-methylphenyl)-2-oxo-l-(2H)- 
pyrimidinecarboxylic acid, 1 -ethyl ester; 

i 5-cyano-3,6-dihydro-4-methyl-6<yclohexyl-2-oxo-l-(2H)-pyrimidinec2u:to acid, 

1-ethyl ester; V : • - 

• 5-cyano-3,6-dihydro-4-methyl-6-phenyl-2K)xo-l-(2H)-pyrimidinecarbox 1- 

10 .ethylester; " • //'V:;^ *•. vi."~-:.^-\ ■ ■ - - .• - 

5-cyano-3,6-dihydro^-methyl-6-(2-methylphenyl)-2^^^ 

pyrimidinecarboxylic acid, 1-ethyl ester;: i-'. hj^".' > : . ■ - 

'. ' ' ' ' ■ 

. ' 5-cyariG-3i6-dihydro-4-methyl-6-(3K;hlQrophenyl)r2-^x<> 1-^^^ 

■ ■ ' .1 ' • . 

^pyrimidinecarboxylic acid, 1-ethyl ester; 
15 ;.5-cyano-3,6-dihydro-4-niethyl-6-(3^fluorophenyl)-2^ 
. pyrimidinecarboxylic acid, 1-ethyl ester; 

5-cyanp-3,6-dihydrp-4-methylr6T(4-cUorqphenyl)t2-oxo-l-(2H^ 
pyrimidinecarboxylic acid, l^ethyl ester; 

V 3-cyano-3,6-dihydror4-methyl-6-(4-fluorophenyl)-2-oxo-l- . . . 

20 pyrimidinecarboxylic acid, 1-ethyl ester; and V = / - f 

5- cyano^3,6-dihydro-4.-methyl-6-(2-fluorophenyl)-2-oxo- 1 -(2H)- 
ipynHiidinecarboxylic acid,'l-etfiyl ester; . . , ( . • 

6- (3,5-fiis-trifluoromethylphenyl)-5-cyano-4Tmethyl-2-oxo-3;6-dlhydro-2H^ . 

. pyriimdine-l-carboxylic acid ethylester; 

• •• ' ' • 

■ ' • . * •-. . ■ • ■ 

25 6-Butyl-5-cyano-4-methylT2-oxo-3,6-dihydro-2H-pyrihiidine-l-carboxyUc aci^ . 
ester; : . . - 

5-eyano-4^methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic acid methylamide; . . 

5-Cyano-4-inethyl-2-oxo-6-phenyl-3,6-dihydro-2H-pyrinudine-l-carboxylic 
30 acid ethylamide; 
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5-Cyanc)-6-(3,5-dichlorophenyl)-4-methyl-2-oxo-3,6-dihydro-2 
: carboxylic add 2-methoxy-ethyI ester; 

5.Cyano-4-methyl-2-px(>6-(3-trifluoromethylphenyl)-3,6-dihy^ - 
carboxylic acid ethylamide; 

5-Cyano-6-(3,5-dichlorophenyl)-4-methyl-2-oxo-3.6-dihydro-2H-pyrim 
carboxylic acid ethylamide; ,^ 

3-Butyryl-4-(3,5-dichlorophenyl)-6-methyl-2-oxo-l,23.4^^^ 
carbonitrile; . . : . . 

5-Cyano-4-methyl-2-oxo-6T(3-trifluoromethyiphenyl)-3,6-dih^ 
carboxylic acid (2-dimethylamiho-ethyl)-amide; 

5-Cyano-4-methyl-2H3xo-6-(3-Uifluoromethylphenyl)r3,6-(Uhy 

■ ' • • , . ' ■ . . ■ ' 

carbothioic acid S-ethyl ester; 

' 5-Cyano-4-methyl-2-oxo-6-(3-trinuoromethyiphenyl)-3,6-dihydr^^ 
carboxylic acid (2-hydroxy-ethyl)-amide; 

' . 4r(3,5-DicMorophenyl)-6-methyl-2-oxoO-(thiophene-2-<:arbo^^ 1 ,2,3,4- 
:tetrahydropyrimidine-5-carbonitrile; 

5-Gyano-6r(3,5sIifluorppheayl)-4-methyl-2-oxo-3i6-dihy^^^ 

carboxylic acid ethylainide; 5-Cyano^6-(3.5-difluorophenyl)-4-inethyl-2-oxo-3,6- 
dihydr6-2H-pyrimidine- l-carboxyIic acid ethyl e^^ 

4-(3,5-Difluoropheriyl)-6-methyl-2-oxo-3-(piperidine-l-carbonyi)-l^^ 
;te^rahydropyriniidine-5H:ariK)nitrile;4-(3,5-Difluorophenyl)-6^^^ 
(pyn-plidine-l-carbonyl)-I,2,3,4-tetrahydropyrimidine-5<arbonitrile 
5Cyano4-methyl-6-napihthalen- 1 -yi-2K)XG-3,6-dihydro-2H-^^^ 
acid ethyl ester; 5-Cyano-4-methyl-6-naphthalen-l-yl-2-oxo-3,6-dihydro-2H- 
pyrimidine-l -carboxylic acid ethylamide; 6^(3-Bromophenyl)-5-€yano-4-methyl-2- 
Qxo-3,6-dihydro-2H-pyrimidine-l -carboxylic acid ethyl ester; 6-(3-Bromophenyl)-5^ 
. cyano-4-methyl-2-oxo-3i6-dihydro-2H-pyrimidine-l-carboxylic acid ethylamide; 5- 
Cyano-4-methyl-2-oxo76-(2-trifluoromethylphenyl)0,6-dihydro-2H-pyrimidine-^ 
carboxylic acid ethyl ester; 5-Cyano-4-methyl-2-oxo-6-(2.trifluoromethylphenyl)-3,6 
dihydro-2H-pyrimidine-l -carboxylic acid ethylamide; 5-Cyano-6-(3- 

methoxycarbonylphenyl)-4-methyl-2-oxoO,6-dihydro-2H-pyrimidihe-l-carboxylic 
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acid ethyl ester; 3-(5-Cyano-3-ethylcarbamoyl-6-inethyl-2-oxo-l,2,3i4- 
tetrahydropyrimidin-4-yl)-benzoic acid methyl ester 

6-Butyl-5-cyano-4-methyl-2-ox6-3,6-dihydro-i2H-pyriinidine- 1 < 
ethylamide; 

5 6-(3,5-fiis7trifluoromethylphenyl)-5-cyaho-4-methyl-2-ox6^^ 
pyrimidine-l-carboxylic acid ethylamide; \ 

6-(2,5-Bis-tnfluoromethylphenyl)-5-cyano-4-methyl-2K)xo-^ . 
pyrimidine-l-carboxylic acid ethylamide; 

. 6-(2,5-Bis-trifluoromethylphenyl)-5-cyano-4-rnethyl-2-dxo-3,6-di^ 
10 pyrimidine-l-carboxylic acid ethyl ester; 

5-Cyano-6r(3-etliylcarbamoylphenyl)-4-methyl-2-oxo-3,6-dihy^ 
carbpxylic acid ethylamide; 

5-Cyano-6-(3-cyano-4-fluorpphenyl)-4-methyl-2-oxor3,6-dihydro-2H-pyrimidi^^^ 
carboxylic acid ethylamide; 

15 5-Cyano-6-(3-cyano-4-fluorophenyl)-4-methyl-2-pxo-3,6-dihydio-2H-pyrimi^^ 
carboxylic acid ethyl ester; . 

5^Cyario-6-(2,2-dimethylpropyl)-4-methylr2-oxo-3,6-dihydro-2H-^^ 
carboxylic acid ethylamide; ^ . ' , • 

5-Cyano-6-cyclopropyl-4-methyl-2-oxo-3^6-dihydro-2H-pyrimidine-i-car^^ 
20 . ethyl ester; 

5-Cyano-6^:yclopropyl-4rmethyl-2-oxo-3,6-dihydro-2H-pyriniidine- 1 -carboxylic acid 
ethylamide; ' 

•' . '• ' • ' ' . 

/ <5-Cyano-6-(2-fluoro-5-trifluoromethylphenyl)-4-methyl-2-oxo-3,6-dihy^^ , . 

pyrimidine-l-carboxylic acid ethylamide; ' 

25 5rCyano-6-(2-fluoro-5-trifluoromethylphenyl)-4-methyl-2-oxo-3,6-dihydro-2H- 
pyrimidine-l-ciarboxylic acid ethyl ester; 

5-Cyano-6-isopropyl-4^methyl-2-oxo-3,6-dihydro-2H-pyrimidine-l-ca^^ 
ethyl ester; v. 

,.5-Cyano-4rmethyl-6-naphthalen-2-yl-2-oxo-3,6-dihydro-2H-pyrimidine-l-carboxylic 
30 ' acid ethyl ester; 
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5-Cyano-6T[3-(2-hydroxyethylcarbamoyJ)-phenyl]T4-methylr2-^^^ 
pyrimidine-l-carboxylic acid ethylamide; 

5-Cyario-6-(2-methoxyphenyl)-4-methyl-2-oxor3;6- 
carboxylic acid ethyl ester; . . 

5- Cyano-6-(2-methoxyphenyl)-4-methyl-2-oxo-3,6-dihydro-2H^pyrim 1 - 
carboxylic acid ethylamide; 

6- (2-Allyloxyphenyl)-5-cyano-4-methyl-2K)XO-3.6 
carboxylic acid ethyl ester; 

, : 6r(2-Allyloxypheiiyl)"5-cyanor4-methyl-2-oxo-3,6-dihydr^ 
carboxylic acid ethylamide; 

•6-(2TBromophenyl)-5-cyano-4-ineth^^ 
carboxylic acid ethyl ester; 

e;6-(2.Bromophenyl)-5-cyano-4-methyl^ 
carboxylic acid ethylamide 

; ^5TCyano-6-(3 -methoxyphenyl)-4-methyl4HDxo-3,6-dihydro-2H-pxriim - 
carboxylic acid ethylamide 

.6-(2-Benzyloxyphenyl)-5-cyaiio-4-methyl-2-oxo-3,6Tdihydro-2H^ 
carboxylic acid ethyl ester . - . 

6.Ben2yloxymethyl-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyri 
. carboxylic acid ethylamide 

6-Benzyloxymethyl-5-cyano4-methyl-2-{oxo-3,6Klihydro-2H-pynmidine-l^ 
carboxylic acid ethyl ester; 

: 6r(3TBroinoi4-fluorophenyl)-5-cyanor4-methyl-2-^^ 1 - 

carboxylic acid ethylamide; 

;6-(3TBrbmo-4^fluorophenyl)-5Hcyano-4-methyl-2-pxo-3,6-dihydro-2H-^^^ 
carboxylic acid cyclopropylamide; 

6-(5-Bromo^2-fluoropheiiyl)-5-cyano-4-mediyl-2Hoxo-3,6-dihydro-2H-pyrimidine- 1 - 
carboxylic acid ethylamide; ' 

6-(5-Bromo-2-fluorophenyl)-5-cyano-4-inethyl-2-oxo-3,6-dihydro-2H-pyrim 
carboxylic acid cyclopropylamide; 
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5-Cyano-6-(3,5-dibromophenyl)-4-methyl-2-oxo-3,6-dihydro-2H-^^ 
. carboxylic acid ediylamide; v - 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidiM 
acid cyclopropylmethylamide; 

1 5-Cyan(>4-methyl-2-oxo-6-phenethyloxymethyl-3i^^^^^ - 
. carboxyiic acid ethyl ester; 

5-Cyano-4-methyl-2s>x(>6^phenethyl-3.6-dihydro-2H-pyrimidine- 1 -carboxyiic acid 
ethylamide; < • v. \ : 

5-Gyano-4-methyl-2-oxo-6-Uiiophen-3-yl-:3;6-dihydro-2H-py^^ 
acid ethyl ester; r . . . ■ . ' . ; •. 

;5-Cyano-4-methyl-6-(5-methylisoxazol-3-yl>2-oxo-3^6rd 
carboxyiic acid ethyl ester; - . ' ; . ; . • • 

5-Cyano-6-(3;5-dimethyUsoxazol-4-yl)-4-methyl-2-oxo-^ 
l-carbbxylic acid ethyl ester; 

5-Cyano-4-methyl-2-oxo-6-tMophen-2-yl-3i,6-dihydro-2H-pyrim 
acid ethyl ester; . . y . \ 

5-Cyano74-methyl-6-(3-methylthiGphen-2-yl)-2-oxo^^^^^^ 
carboxyiic acid ethylamide; 

5-Cyano-4-methyl-6-t3Tmethyltmophen-2-yl)-2-oxo-3,^^ 
carboxyiic acid ethyl ester; ■ - . - . . 

5^Cyano-4-methy l-6-(2-methylthiazol-4-yl)-2-oxo-3 ,6-dihy 1 - 

carboxyiic acid ethyl ester; 

6rX4-Brombthiopihen-2-yl)-5rcyano-4-meA 

carboxyiic acid ethylamide; ^ \ r 

* * . ■ * 

, 6r(4-Br0mothiopheri-2-yl)-5<:yano-4-methyl-2-oxo-3;6-dihydr^ 

m \ * '''■mm 

carboxyiic acid ethyl ester; 

5- Cyano-4-methyI-2-oxo-6-t2-(4-tnfluoromethylphenyl)-^ 
2H-pyriinidine-l -carboxyiic acid ethyl ester; 

6- [5-(4-Chlorophenyl)-oxa2ol-4-yl]-5-cyano-4-nielhyl-2-oxo-3,6-dihydro-2H- 
pyrimidine-l-carboxylic acid ethyl ester; 

6-(2-BromothiazoI-5-yl)-5-cyano-4-methyl-2-oxo-3,6-dihydro-2H-pyrimidine-l- 
carboxylic acid ethyl ester; 
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5- Cyaho-4-methyl-2-oxo-6-(4-phenylthiophen-2-yl)-3,6-d 
carboxylic acid ethylamide; 

6- [5-{4-CMorGphenyl)-ftiran-2-yl]-5-cyano-4-me%l-2-^^ 

1 -carboxylic acid ediylamide; ; - 

5-Cyano-4-methyl-2-oxp-6-(4-trifluoromethylthiazoi-5 
pyrimidine-1 -carboxylic acid ethyl ester; 
. 5rCyano-4:methyl-2-oxo-6-(4-trifluoromethylthia2ol-5-yl) 
pyrimidine-1 -carboxylic acid ethylamide; ^ 
5-Cyano-6-[5-(4-methanesulfonylphenyl)K)xazol-4-yl]^-methyl-2-^^^ 
2HTpyriiiiidine-l -carboxylic acid ethylamide; , ; ; * 

.6-[5-(4:ChlorQp^nyl)-oxaz9W-yl]-5-cyano-4-met^^^ , 
pyrimidine-l -carboxylic acid ethylamide; 

5-Cyano-4-methyl-2-oxo-6-[5-(4-trifluoromethylphenyl)-oxazol-4-yl]-3,6-dihydror 
2H-pyrimidine- l<:arbGxylic acid ethylamide; j .;. . , j , 

• ' ' * • I. 

5-Cyano-4-methyl-2-oxo-6-{5Tphenyloxa2ol-4-yl)-3,6-dihydro-2H^p^ 
carboxylic acid ethylamide; 

5-Cyano-4-methyl-6-[5-(4-iiitrophenyl)-oXazol-4Tyl]-2H3xo-3.^6-dihy^ 
pyrimidine- l-carboxylic acid ethylamide; . 

5-(4-Chlorophenyl)-2-(5-cyano-3-ethylcarbamoyl-6-methyl-2-oxo- 1 ,2,3,4- 
.tetrahydippyrimidin-4ryl)-iuran-3rcarboxylicaci^ 
5-Cyano-4-methyl-2-pxo-6r(5-:pyridin-3-yloxazoH-yl)-3.6^^ 
1 -carboxylic acid ethylamide; 

5-Cyano-4-mediyl-2-oxo-6-(4-phenylthiazol-5-yl)-3,6-dihydro;2H-pyri 
carboxylic acid ethylamide; 

{5-Cyan9-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidin-l-yl]-aceti 
. acid tert-butyl ester; . 

5-Cyano-4:methyl-6-(3:nitrophenyl)-2-ox6-3,6-dihydro-2H-pyrimidine-l-c^^^ 
acid isopropylamide; 

5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-l-carboxylic 
acid propylamide; 

5-Cyano-4-methyl:6-(3-nitrophenyl)-2-oxo-3,6-dihydro-2H-pyrimidine-l-carboxyH 
acid phenylamide; 
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5-Cyano-4-methyl-6-(3-nitrophenyl)-2-oxcH3,6'dihydro-2H-py^^ 
acid thiazol-2-ylamicie; 

5-Cyano-4-methyl-6-(3-nitK)phenyl)-2-oxo-3,6-dihyd^^ 
acid (2,2,2-trifluoro-ethyl)-amide; 
5 5-Cyano-4-melhyl-6-(3-nitfbphenyl)-2-oxo-3-^ 
acid cyclopropylamide; . ^ . 

5-Cyano-4^methyl-6-(3-nitn)phenyl)-2-ox()-3,6-dihydro-2H-^^ 
acid (2-hydroxy-ethyl)-amide; 
i^-(4,5-Dihydrooxazol-2-yl)-6-methyl-4-(3-nitrQpheny0 
10 tetrahydropyrimidine-5-carbonitrile; £md ^ 
^ 5-Gyano^methyl^6-(3-nitrophenyl)-2-oxo-3,6Klihydrc^^ 

acid allylamide. ' . , ■ 

17. A pharmaceutical composition comprising a compound of claim 1 and a 
15 ^pharmaceutically acceptable carrier. 

18. . ; Hie ipharmaceu tical composition of claim 1 7 further comprising at least one 
- other anti-cancer agent formulated as a fixed dose. 

* , ' M ' 

20 19. A method for treating a proliferative disease via miodulation of the Eg5 motor . 
protein comprising administering to a mammalian species in need of such treatment 
an effective amount of at least one compound of claim 1 . 

■ ' . - 

20. The method according to claim 19 further cotnprising administering to said 

' • . 

25 mammalian species at least one other anti-cancer agent . • ^ 

21. The ^method according to claim 19 wherein the proliferative disease is 
cancer. 

• • • • • .' " ' * • . . • . i ■ 

30 22. A method for treating a proliferative disease by inducing apoptosis . 

comprising administering to a mammalian species an effective amount of a compound 
of claim 1 . 
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'23f : The method according to claim 22 farther comprising administering to said 
manrinialian species at least pne other anti-cance 

24. The method according to claim 22 wherein the proliferative disease is 

* ■ < • 

cancer. v 



25. A method of preparing a compound having the formula: 




wherein 

Ri is selected from the group consisting of hydrogen, alkyl and cycloalkyl; 
15 \ R2 ^d Ra are each independently selected from the group consisting 0^ 

alkyl, aryl, heteroaryl, arylalfcyl, cycloalkyl, heterocycloalkyl, cycloalkylalkyl, 
heterocycloalkylalkyl and heteroarylalkyl; or 

R2 and R3 may also be taken together to form a carbocyclic or heterocyclic 

ring; 

20 comprising contacting a compound having formula R2COR3 with a compound having 
the formula R1COCH2CN or a conipound having the formula 




Ri ^ NH2 



in the presence of polyphosphate ester and urea to form 



NC. 



H 

25 XXIV 
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26. The method of claim 25 further comprising contacting compound XXIV with 
- ' ' R4-X in the presence of a base wherein FUis alkyl or acyl, and X is a leaving 

group, or wherein* R4X is isocyanate oi* haloformate to yield a compound 

having formula I 
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